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FALL TER M
Registration, new students
Registration, old students
Fall term instruction begins, 7:30 a.m .
Last day for filing statement-of-courses form and change 
of committee form  and for new students to file nom ­
ination of committee form 
Last day for old students to take Admission to Candidacy 
Exam inations in  order to have them  considered as 
of the beginning of the term  
Language examinations: French, German, and Russian 
Last day for change of course registration 
Thanksgiving recess: Instruction ends, 1:10 p .m .
Instruction resumes, 7:30 a.m.
Fall term  classes end, 1:10 p .m .
Christmas recess
Last day for completing all requirem ents for January 
degrees
Independent study period begins 
Final examinations begin 
Final examinations end 
Intersession begins
SPRING TER M
Registration, new students
Registration, old students
Spring term  instruction begins, 7:30 a.m .
Last day for filing fellowship and scholarship applica­
tions for the following year 
Language examinations: French, German, and Russian 
Last day for filing statement-of-courses form  and  change 
of committee form  and for new students to file nom ­
ination  of committee form 
Last day for old students to take Admission to Candidacy 
Exam inations to have them  considered as of the begin­
ning of the term  
Spring recess: Instruction suspended, 1:10 p .m .
Instruction resumed, 7:30 a .m .
Last day for change of course registration 
Language examinations: French, German, and Russian 
Last day for completing all requirem ents for June 
degrees
Spring term  classes end, 1:10 p .m .
Independent study period begins 
Final exam inations begin 
Final examinations end 
Commencement
SUMMER
Summer Research period begins 
Registration for Summer Session
Last day for filing statement-of-courses form  and change 
of committee form  and for new students to file nom ­
ination of committee form 
Language exam inations: French, German, and Russian 
Summer Session ends
Last day for completing all requirem ents for September 
degrees
Summer Research period ends
1967-68 
Sept. 8 
Sept. 9 
Sept. 11
Sept. 22
Oct. 11 
Oct. 28 
Nov. 17 
Nov. 22 
Nov. 27 
Dec. 16
Dec. 27 
Jan . 3 
Jan . 8 
Jan . 16 
Jan . 17
Jan. 26 
Jan . 27 
Jan . 29
Feb. 1 
Feb. 3
Feb. 9
Mar. 1 
Mar. 23 
Apr. 1 
Apr. 5 
Apr. 20
May 10 
May 11 
May 13 
May 20 
May 28 
Jun e  3
May 29
Jun e  17 (8-week) 
Jun e  26 (6-week)
July 5 
Aug. 3 
Aug. 11
Aug. 16 
Sept. 12
(Please see inside back cover for the 1968-69 Calendar.)
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T h e  courses a n d  c u rr ic u la  describ ed  in  th is  A n n o u n c e m e n t, a n d  th e  te a c h in g  
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Cornell University
G RAD UATE ED U C A TIO N  A T  CO R N ELL
G rad u a te  ed ucatio n  a t C ornell is based on the p rin c ip le  th a t no  
objective of a university  lies deep er in  its trad itio n  o r springs h igh er in  
its asp ira tion  th a n  does the  n u r tu re  of scholarship . T h e  ad vancem en t of 
lea rn ing , the m ethods of lea rn ing , an d  the criticism  of lea rn in g  occupy 
the h ighest reaches o f university  life an d  work. G rad u a te  ed ucatio n  
brings in to  fru itfu l con tact the m ost d istingu ished  scholars an d  the 
m ost advanced students, th a t lea rn in g  m ay be shared an d  th a t wisdom  
m ay be a t least glim psed.
T h e  G rad u a te  School provides an  en v iro nm en t w ith in  w hich scholarly 
capability  is encouraged  to em erge, thrive, an d  transm it itself. T h e  
School arranges a set of cond itions congenial to  the  s tu d en t who is p re ­
pared  to  profit from  the availab ility  of advanced courses of study; the 
o p p o rtu n ity  for sustained  reflection; the  com pan ionsh ip  of active, fu ll­
tim e fellow  students; the  m ost h igh ly  developed libraries, laboratories, 
an d  o th e r  facilities for research; the p rospec t of in d e p en d en t discovery 
o r recovery, of ev aluatio n  o r rev a luatio n ; the  daily  presence of distin- 
qu ished  teachers; an d  the  hop e of a tta in in g  a firmly based s tru c tu re  of 
know ledge an d  a free an d  in d e p en d en t h a b it of judg m ent.
F reedom  an d  ind epen dence  are  key qua lities  of scholarship , an d  
g rad u a te  studies a t  C ornell are o rd ered  so as to preserve them  for bo th  
teacher an d  studen t. T h e  C ornell p rin c ip le  is th a t scholars are begotten  
by o th e r  scholars, th a t jud g m en ts  are form ed by associating w ith  the 
best judges, th a t lea rn ing  lives in  the u n b ro k en  succession of the  lea rn ­
ers an d  the  lea rned , th a t g en u ine  scholarship is always hu m an e  an d  
rests u ltim ate ly  on  personal teaching an d  personal lea rn ing , th a t success 
in  g radu a te  studies m ust consist of satisfying the professor ra th e r  th an  
a m ute  schedule of requ irem en ts . G rad u a te  School s tandard s are high, 
b u t they are m a in ta in ed  th e re  n o t by the  p ron o u ncem en ts  of an  office 
b u t ra th e r  by the m en a fte r w hom  such standard s are themselves 
fashioned.
T h e  C ornell g rad u a te  s tu d en t selects n o t only  the study he wishes 
to pursue, b u t also the scholar u n d e r whose tu te lage  he wishes to pursue 
it. T h e  can d id a te  him self, no  one else, m akes the choice. Some candi­
dates w hen they ap p ly  fo r adm ission have in  m in d  the m an  o r m en w ith
6 ADMISSION
w hom  they wish to study. T hose  w ho do n o t are g ran ted , u n d e r  a tem po ­
rary  adviser, a sem ester in  w hich to form  an  acq uain tan ce  an d  to  come 
to  a decision. T h e  supervising  professor is called the s tu d en t’s chairm an. 
T h e  chairm an  an d  his associate o r associates, also chosen by the  s tuden t, 
form  the  s tu d en t’s Special C om m ittee. All such m atters  as the  ou tlines 
of study, the  observation  of progress, th e  setting  of genera l ex am ina­
tions, the  co nduc t of the thesis, an d  o th e r exercises lead ing  to  a g rad ­
u a te  degree are d e te rm in ed  w ith in  th is sm all circle — the  s tud en t and  
the  professors he has selected to  d irec t h im . So successful is th is a rran g e­
m en t an d  so strongly does C ornell believe in  it, th a t  the Special C om ­
m ittee  enjoys ex trao rd in ary  freedom  an d  in depen den ce  in  conduc ting  
the  s tu d en t to his degree. T h e  G rad u a te  School sets no  course req u ire ­
m ent, no  cred it-hours req u irem en t, no  g rade req u irem en t. W ith in  the 
b road  agreem ents o f the  G rad ua te  Faculty  concern in g  residence, oral 
exam inations, and  thesis, the s tu d en t w ill be recom m ended  for his 
degree w henever his Special C om m ittee judges h im  ready to  receive it. 
W hen  the C om m ittee is satisfied, the  requ irem en ts  are.
T h e  C ornell G rad u a te  School has an  en ro llm en t of 3,300 students, 
an d  the  G rad u a te  Faculty  consists of ab o u t 1,100 m em bers. In  contrast 
to  m any o th e r  g rad u a te  schools, ap pro x im ate ly  98 p e rcen t of the stu ­
d en ts  are full-tim e degree candidates, w ith  the  m ajo rity  in  program s 
lead ing  to  th e  Ph.D . degree.
ADMISSION
APPLICATIONS
T o  be considered for adm ission to the  G rad u a te  School an  ap p lican t 
m ust (1) h o ld  a baccalaureate  degree g ran ted  by a facu lty  o r university  
o f recognized stan d in g  o r have com pleted  studies eq u iva len t to those 
req u ired  fo r a baccalaureate degree a t C ornell, (2) have ad eq u a te  p rep a ­
ra tio n  fo r g rad u ate  study in  his chosen field of in s tru c tion , (3) have 
fluen t com m and of the  English language, an d  (4) p resen t evidence of 
prom ise in  advanced study an d  research. S tuden ts from  U n ited  States 
colleges an d  un iversities should  be in  a t least the  top  th ird  of th e ir  
g rad u a tin g  class.
A p plicatio ns for adm ission should  be requested  from  the  G rad ua te  
School, Sage G rad ua te  C enter, C ornell U niversity . T w o  le tte rs  of recom ­
m end atio n  from  the ap p lic a n t’s m ajo r instructors, official transcrip ts  of 
record  from  all the  in s titu tion s  of h igh er lea rn in g  a tten d ed , and , w here 
requ ired , the  G rad u a te  R ecord E x am in a tion  o r the M iller A nalogies 
T es t scores com plete the  ap p lica tio n .
T h e  ap p lica tio ns from  U n ited  States citizens an d  from  foreign  ap p li­
cants w ho reside in  the U n ited  States o r C anad a m ust be accom panied 
by a §15 n o n re fu n d ab le  ap p lica tio n  fee. Foreign ap p lican ts  resid ing  
elsew here who have been accepted  for adm ission m ust pay this fee 
before reg istra tion .
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Foreign ap p lican ts  whose native language is n o t E nglish  an d  who 
have n o t received th e ir  secondary school o r university  educatio n  in  the 
E nglish language m ust take the  T es t of English as a Foreign L anguage 
by a rrang em en t w ith  E duca tiona l T es tin g  Service, P rince ton , New 
Jersey 08540, U.S.A., o r the  M ichigan E nglish  L anguage T es t by a rran g e­
m en t w ith  the English L anguage In s titu te , U n iversity  of M ichigan, A nn 
A rbor, M ichigan 48104, U.S.A. T h e  test scores m ust be rep o rted  d irectly  
by the testing  organ ization  to the G rad u a te  School as p a r t  of the  essen­
tia l ap p lica tio n  in fo rm ation , an d  no final action  on ap p lica tio ns will 
be taken  u n til  the scores have been received. B oth  testing  program s are 
available th ro u g h o u t the  world. In fo rm atio n  on tim es and  places for 
ad m in is tra tio n  of the tests m ay be o b ta in ed  d irec tly  from  the  addresses 
given above. Since these tests are  diagnostic, adm ission to those ap p li­
cants whose scores ind icate  unsatisfactory  com m and of English m ay 
be den ied  o r m ay be m ade co n tin g en t u p o n  evidence o f im proved 
com m and of English.
If  English has been the  m ed ium  of in struction  in  the secondary 
school o r university , a s ta tem en t to this effect signed by a  responsib le 
officer of a U n ited  States Embassy o r C onsulate  o r by an  ap p ro p ria te  
official of the ed u catio nal in s titu tio n  involved should  be sen t to the 
G rad ua te  School.
A ll app lican ts  for adm ission an d  fellow ship co nsideration  are  u rged  
to take the G rad ua te  R ecord  E xam in a tio n  (G R E) A p titu d e  (Verbal 
an d  Q u an tita tiv e) T ests of the  E duca tion  T es tin g  Service, an d  to have 
the  scores sent to  the C ornell G rad u a te  School as p a r t  of th e ir  a p p li­
ca tion  m aterials. In fo rm atio n  ab ou t the tim es an d  places of test ad m in ­
istra tions m ay be o b ta in ed  direc tly  from  the E duca tiona l T estin g  Serv­
ice, P rince ton , New Jersey 08540. T h e  F ield  listings, pages 48-175, 
should  be consu lted  for F ields re q u ir in g  the  scores of bo th  the  A p titu d e  
T es t an d  the p e rtin e n t A dvanced T est.
CATEGORIES OF ADMISSION  
1. Degree Programs
I t  is expected  th a t m ost ap p lican ts  fo r adm ission will pu rsue  a p rogram  
for an  advanced degree. E xcept u n d e r u nu su a l circum stances, those 
w ho already ho ld  an  advanced degree are  n o t p e rm itted  to app ly  for 
the  same degree. A pplican ts m ay specify candidacy fo r the M aster of 
A rts o r M aster of Science o r one of the professional M asters’ degrees 
listed on pages 176-179. H ow ever, since C ornell has a strong  com m it­
m en t to doctoral work, m ost s tuden ts  are  encouraged  to  en ro ll in  a 
d octoral program . In  some fields, s tuden ts registered  in  a doctoral p ro ­
gram  m ay be req u ired  to seek a M aster’s degree as an  in itia l step in  
the program .
2. Provisional Candidacy
U n d er circum stances in  w hich it  is difficult to  evaluate  the  academ ic 
background  of qualified  ap plican ts, they m ay be ad m itted  to  provisiona l 
candidacy. O rd in a rily  only  one sem ester o f study in  p rov isiona l cand i­
dacy is p e rm itted , an d  the  s tu d en t w ho fails to qua lify  fo r candidacy 
a t the en d  of th a t tim e m ay be requested  to w ith draw  from  the  U n i­
versity.
3. Noncandidacy
W hen  staff an d  facilities are available , the  G rad u a te  School w ill ad m it 
some app lican ts  w ho do n o t in te n d  to  w ork tow ard an  advanced  degree 
a t C ornell b u t  w ho have special objectives fo r  form al study o r scholarly 
w ork a t the  g radu a te  level. In  o rd e r to  be ad m itted  fo r study in  n o n ­
candidacy, the a p p lican t m ust satisfy all the  en tran ce  req u irem en ts  ex­
pected  of degree candidates. R eg istra tion  in  no ncan d idacy  is restric ted  
to  two semesters.
8 DEGREE REQ U IREM EN TS
CHANGE OF STATUS
A s tu d en t w ho wishes to  change his sta tus from  n on degree  candidacy to  
reg u la r  candidacy o r from  one degree o r F ie ld  to  an o th er, o r w ho, a fte r 
receiv ing the  M aster’s degree, wishes to  u n d ertak e  candidacy fo r the  
doctorate , m ust subm it a requ est in  w ritin g  to  the  D ean  of th e  G rad u a te  
School asking fo r transfe r to the  new  status. R easons fo r the  ch ange in  
status should  be given. P rovisional candidacy is au tom atica lly  review ed 
a t  the  en d  of each sem ester, an d  no le tte r  is necessary in  th is  instance.
DEGREE R EQ U IR EM EN TS 
T H E  SPECIAL COM M ITTEE
T h e  genera l degree req u irem en ts  of the  G rad u a te  School are  k e p t a t  a 
m in im um  in  o rd e r to  give the s tu d en t m ax im um  flexibility  in  choosing 
a desirable p rogram  of studies. Since progress in  g rad u a te  study depends 
so m uch o n  the  ind iv id u a l s tu d en t’s s itua tio n , th e re  are no  course, grade, 
o r c red it requ irem en ts  im posed by the  G rad u a te  School. T h e  s tu d en t’s 
p rogram  is developed  in  co n ju nc tion  w ith  a Special C om m ittee chosen 
by the  s tu d en t from  the  area of studies of in te rest an d  is designed to 
best fit the  specific needs an d  desires of the  in d iv id u a l s tud en t. Satis­
factory progress tow ard th e  degree is also jud g ed  by th e  Special C om ­
m ittee  ra th e r  th an  by any a rb itra ry  s tandards im posed by the  G rad u a te  
School.
T h e  Special C om m ittee u n d e r  w hich a M aster of A rts o r a M aster of
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Science can d id a te  carries on  his w ork is com posed of a chairm an who 
rep resen ts the m ajo r subject, an d  one rep resen ta tive  of an  ap p ro p ria te  
m in o r subject. T h e  Special C om m ittee  of a doc to ra l s tu den t is com­
posed of a chairm an , rep resen tin g  the  m ajo r subject, an d  two o th e r 
m em bers rep resen tin g  o th e r  areas of in terest. T h e  chairm an of the 
Special C om m ittee directs the  s tu d en t’s thesis research. Some Fields of 
study req u ire  two m in o r subjects fo r doctoral program s w hile for o thers 
only  one is needed , b u t a ll Ph.D . Special C om m ittees have three 
m em bers.
T h e  selection of the Field an d  the m ajo r subject, as well as the 
ch airm an of the Special C om m ittee, is m ade by the incom ing studen t. 
I t  is the  priv ilege of the  g rad u a te  s tu d en t to ask any m em ber of the 
G rad ua te  School Faculty  who is in  the Field of his m ajo r subject to 
serve as his chairm an. T h e  ch airm an  in  tu rn  advises the s tu d en t ab ou t 
m in o r subjects an d  faculty m em bers who m igh t be ap p ro p ria te  to  rep re ­
sen t them  on his Special C om m ittee. T h e  choice of m a jo r an d  m in o r 
subjects an d  the form ation  of the Special C om m ittee m ust be reco rded  
in  the  G rad u a te  School Office w ith in  two weeks of the beg in n ing  of 
the  first term  of residency. H ow ever, since the s tud en t m ay be u n certa in  
of his asp ira tions a t  th a t tim e, he is encouraged  to change the  m em ber­
ship of his Special C om m ittee as his aim s becom e m ore definite.
In  some of the  larger Fields of the  G rad u a te  School the  difficulty in  
m aking  a wise selection of a C om m ittee is so g rea t th a t the  F ield  R e p ­
resen ta tive o r o th e r  faculty  m em ber m ay serve tem porarily  as the  chair­
m an  of the Special C om m ittee w hile the  s tu d en t seeks a p e rm a n en t 
ch airm an  an d  com m ittee to supervise his program s of study.
T h e  m em bers of the Special C om m ittee decide u p o n  the  s tu d en t’s 
program  of study an d  research an d  w h eth er he is m aking  satisfactory 
progress tow ard the degree. T h ey  co nduct an d  re p o r t on  o ral exam ­
ina tions, an d  they approve the thesis. T h e  C om m ittee an d  the  s tu den t 
constitu te  an  in d e p en d en t w ork ing u n it. A ll m em bers of the G rad ua te  
School Faculty, how ever, are free to p a rtic ip a te  in  the scheduled exam ­
in a tion s  an d  review  the  theses of cand ida tes  fo r degrees.
T h e  o rgan ization  of the G rad ua te  School a t  C ornell is based on  a 
concept of Fields of study w hich is in d e p en d en t of colleges an d  d e p a r t­
m ents. I t  is thus possible for a g rad u ate  s tu d en t to  take courses in 
any division of the  U niversity  an d  to  choose m ajo r an d  m ino r subjects 
w ith ou t reg a rd  to o rgan iza tional lines.
EXAM INATIONS
T h e  Special C om m ittee conducts the  ex am ina tions th a t are requ ired  
fo r the degree. A t the d iscretion  o f the  Special C om m ittee these exam ­
ina tions m ay be en tire ly  o ra l o r bo th  o ral an d  w ritten . T h e  follow ing 
ex am ina tions are requ ired :
For the  M aster’s degree: a final exam ina tion , w hich u n d e r certa in  
conditions m ay be com bined w ith  the  A dm ission to (Ph.D.) C andidacy 
E xam in ation .
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F or the  doctoral degrees: (1) A com prehensive A dm ission to C an­
d idacy E x am in a tio n  for form al adm ission to  doc to ra l candidacy. T h is  
ex am ina tio n  m ay n o t be tak en  u n til  two u n its  of residence cred it have 
been accum ulated  an d  is norm ally  tak en  in  th e  second o r th ird  year. 
T w o  term s of residence m ust be cred ited  a f te r  this ex am in a tio n . (2) 
A F ina l E xam in ation , w hich is p rim arily  concerned  w ith  the  doctoral 
d issertation .
In  some Fields a qua lify ing  ex am in a tio n  is given a t an  early  d a te  to 
de te rm ine  the  s tu d en t’s fitness for u n d ertak in g  advanced study an d  to 
en ab le  the Special C om m ittee to p lan  a p rogram  w hich w ill m ake h im  
fam ilia r w ith  the requ isite  know ledge a n d  techniques of his chosen field 
o f study.
W hen  the  can d ida te  has com pleted  the thesis, he presents i t  to  the 
Special C om m ittee a t the  final thesis ex am in a tion . T h is  exam ina tion  
is o ra l an d  covers sub jec t m a tte r  re la ted  to  the  thesis topic.
FOREIGN LANGUAGE REQUIREM ENTS
Each F ield  of in s truc tion  has its ow n foreign language requ irem en ts  
w hich it  considers m ost useful to the  p a rtic u la r  area  of study. Any 
Special C om m ittee may, a t its d iscretion , req u ire  know ledge of foreign 
languages beyond the  an n o un ced  requirem ents .
C and id ates  req u ired  by Fields to  dem onstra te  a read in g  ab ility  in  
French, G erm an, o r R ussian m ust pass th e  G rad u a te  School Foreign 
L anguage T es t given by the E d uca tion a l T es tin g  Service, P rin ce ton  
N .J. 08540, an d  adm in istered  by the  G rad u a te  School. A charge is m ade 
to  cover the  cost o f ad m in istering  each test. As an  alte rn ativ e , candidates 
m ay pass the  read ing  p a r t  of the  CEEB  college language test w ith  a 
score satisfactory to  the D ivision of M odern  Languages. S tuden ts who 
take exam ina tions in  languages o th e r  th a n  F rench , G erm an  o r  R ussian , 
o r in  a speak ing know ledge of any language, should  a rran g e  w ith  the 
G rad u a te  School Office for assignm ent to  a su itab le  exam iner. A rrang e­
m ents to d em onstra te  a h igh er level of proficiency in  a fo reign  language 
as req u ired  by some Fields m ay be m ade a t the G rad u a te  School Office.
A s tu d en t m ay p e titio n  the  D ean  to transfe r a languag e ex am in a tio n  
taken  elsew here to  his reco rd  a t C ornell.
Courses designed to aid  g rad u a te  s tuden ts  in  lea rn in g  how  to  read  
F rench, G erm an, an d  R ussian  are given by the D ivision of M odern  
Languages in  cooperation  w ith  the G rad u a te  School Faculty. T h e re  are 
two courses offered each term  — one a t the e lem en tary  an d  one  a t the 
in te rm ed ia te  level — in  each of the  languages. A nyone reg istering  for 
them  is expected  to a tte n d  regularly  th ro u g h o u t the  term , take all 
ex am inations, an d  com plete  assigned work.
E L E M E N T A R Y  F R E N C H , G E R M A N , o r R U SSIA N  151. T h re e  
hours. M W  F (tim e to  be announced).
IN T E R M E D IA T E  F R E N C H , G E R M A N , o r R U SSIA N  152. T h re e  
hours. M W  F (tim e to  be an nounced).
THESIS
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C andidates  for the degrees of M aster of A rts o r M aster of Science are 
req u ired  to  subm it a thesis in  fu lfillm ent of the req u irem en ts  fo r the 
degree. In  some fields a thesis is also req u ired  fo r p rofessional M asters’ 
degrees. C andidates for the doc to ra l degree m ust com plete a thesis w hich 
constitu tes an  im aginative co n trib u tio n  to know ledge. T h e  faculty 
requires p u b lica tio n  of Ph.D . theses by ab strac t o r m icrofilm .
RESIDENCE
T h e  G rad u ate  Faculty  regards study in  residence as essential. A lth ough  
a person w ork ing off-campus m ay a tta in  proficiency in  a techn iqu e or 
even in  a field of know ledge, he m ay fail in  o th e r  ways to a tta in  the 
b read th  of know ledge necessary for scholarly work. In  ad d itio n  to  con­
tac t w ith  the lib raries an d  physical facilities of the  U niversity , he needs 
the  daily acquain tance , com pany, aid , an d  stim ulus of o thers  engaged 
in  sim ilar pursuits. H e should  form  the  h a b it of a tte n d in g  lectures, 
sem inars, an d  m eetings of groups in  whose activities he takes in terest.
Full-tim e study fo r one  sem ester w ith  satisfactory accom plishm ent 
constitu tes one residence u n it. T h e  G rad u a te  School Faculty  requ ires 
th a t each cand ida te  for a M aster’s degree ea rn  two un its  o f residence, 
an d  fo r the Ph.D . degree six u n its  of residence. How ever, the  tim e 
req u ired  to o b ta in  the  degree generally  exceeds those m in im um  req u ire ­
m ents.
A s tu den t m ust com plete all the req u irem en ts  for the M aster’s degree 
in  four years an d  fo r a doc to ra l degree in  seven years.
A s tud en t in  a doctoral p rogram  m ay ea rn  no  m ore th a n  two u n its  
fo r w ork d on e in  Sum m er R esearch, Sum m er Session, an d  the D ivision 
of E x tram u ra l Courses. A t least fou r of the  six req u ired  un its  m ust be 
ea rn ed  as a full-tim e studen t, ea rn in g  th ree-quarters of a residence u n it  
o r m ore each term , an d  two of the last fo u r un its  m ust be ea rn ed  in  
successive term s of full-tim e study on the  C ornell cam pus.
Transfer of Residence
C andidates fo r the  M aster’s degree m ay no t co u n t study in  o th e r  g rad u ­
ate  schools as p a rt of th e ir  residence. C and idates  for the doctorate  may 
be p e rm itted  to coun t study for the M aster’s degree as eq u iv a len t to two 
residence units; those w ho have received tra in in g  of an  excep tional 
q ua lity  an d  am o u n t m ay p e titio n  fo r m ore. N o com m itm en t regard ing  
this m ay be m ade u n til a fte r the s tu den t has en te red  in to  residence 
an d  his Special C om m ittee has h ad  fu rth e r  o p p o rtu n ity  to judge his 
accom plishm ents. T h e  residence transferred  m ust n o t exceed th a t which 
w ould  have been ea rn ed  u n d e r sim ilar circum stances at C ornell. C redits 
secured d u rin g  study as an  u n d erg rad u a te  o r as a special s tuden t, even
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fo r w ork in  courses designed prim arily  o r wholly for g rad u a te  students, 
w ill n o t be allow ed.
Summer Session
T o  receive residence c red it th ro ug h  reg is tra tion  in  the  Sum m er Session, 
the  cand ida te  m ust reg ister in  b o th  the  Sum m er Session an d  the 
G rad u a te  School an d  m ust file a  s ta tem en t of courses satisfactory to  
his Special C om m ittee. T h e  co m pletio n  of e ig h t o r m ore hou rs of cred it 
in  the eight-w eek session, o r a m in im um  of six hou rs in  the  six-week 
session, w ill co un t as one-half o r two-fifths o f a residence u n it  respec­
tively, if ap p ro v ed  in  advance an d  rep o rte d  as accep tab le  by the  cand i­
d a te ’s Special C om m ittee.
R equ irem en ts  for M asters’ degrees may, u p o n  ap p ro v a l of the a p p ro ­
p r ia te  g rad u a te  F ield , be com pleted  solely d u rin g  the  sum m er perio d  
if in s truc tio n  in  the  chosen m a jo r an d  m ino r subjects is offered. O nly  
two residence u n its  for study in  the Sum m er Session m ay be accepted  
in  fu lfillm ent of requ irem en ts  fo r the  doctorate . U p o n  recom m en da­
tio n  by the  Special C om m ittee of a s tu d en t an d  o n  ap p ro v a l by the  
D ean  of the  G rad u a te  School, residence m ay be tran sferred  fo r study 
d on e in  one preced ing  C ornell Sum m er Session pe rio d  if such study 
is a ttested  to be an  in teg ra l p a r t  of the  g rad u a te  p ro g ram  subsequently  
u nd ertak en .
SUMMER RESEARCH
T o  encourage studen ts  to  co n tin ue  th e ir  studies d u rin g  the sum m er 
period , no  tu itio n  o r fees are  charged for sum m er research  if the  s tu d en t 
has been registered  d u rin g  the prev ious academ ic year. S ubstan tial 
funds are also available for sum m er fellow ship an d  research  assistant- 
sh ip  su pp o rt. A special sum m er fellow ship p rogram  is also availab le  for 
those studen ts  w ho have he ld  teach ing  fellow ship ap p o in tm en ts  d u r ­
in g  the  previous academ ic year. S tudents have access to  the  reg u la r serv­
ices of the U niversity  C lin ic  an d  H o sp ita l d u rin g  the  sum m er w ith o u t 
charge.
U n d e r certa in  conditions, studen ts  m ay also accum u late  residence 
cred it in  the sum m er term .
Part-Time Studies
Essentially, a ll g rad u a te  studen ts  at C ornell are full-tim e studen ts. In  
those cases w here em ploym ent is necessary, s tuden ts  m ay ho ld  positions 
re q u ir in g  u p  to  ten  hours o f w ork w ith o u t red uc tio n  of residence cred it. 
T each in g  fellows an d  research assistants whose du ties req u ire  u p  to 
tw enty hours a week are ab le to  o b ta in  fu ll residence cred it.
T h e  legislation w ith  respect to elig ib ility  of part-tim e em ployees for 
residence un its  is as follows.
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E m p l o y m e n t R e s id e n c e  U n i t s  A l l o w a b l e  p e r  S e m e s t e r
T o ta l clock
C ontribu tory in  
the m ajor field  
o f study and N o n co n trib u to ry
hrs. p er w eek on cam pus b u t on cam pus O ff cam pus
0 - 1 0  h o u r s 1 u n i t 1 u n i t 1 u n i t
1 1 - 2 0  h o u r s 1 u n i t 3/4 u n i t y 4 u n i t
2 1 - 3 0  h o u r s 34  u n i t 1 /2  u n i t (See paragraph  
below)
If the  em ploym ent is m ore th an  tw enty clock-hours p e r  week an d  is off 
cam pus, o r if it is m ore th an  th irty  clock-hours p e r  week u n d e r  any cir­
cum stances, a m axim um  of two-fifths of a residence u n it  p e r  sem ester 
m ay be ea rn ed  th rou g h  reg istra tion  in  the  D ivision of E x tram u ra l 
Courses, b u t  th is w ill be p e rm itted  on ly  on the  basis of p e titio n  ap ­
proved p r io r  to  the tim e th a t the w ork is u nd ertak en . For the  degree of 
M aster of A rts o r M aster of Science a m axim um  of one u n it, an d  for 
the  degree of Ph.D . a m axim um  of two u n its  of residence m ay be 
ea rn ed  in  this way.
T h erefo re , u n d e r the circum stances described above, degree candidates 
m ay accum ulate residence u n its  fo r course w ork com pleted  th rou g h  the 
D ivision of E x tram u ra l Courses. In s tru c tio n  is offered in  certa in  fields 
of study bo th  on an d  off the cam pus. F ifteen  cred it hours are the  equiv­
a len t of one residence u n it, an d  six cred it hours the eq u iv a len t of two- 
fifths of a residence u n it  — the  sm allest fraction  th a t will be recorded 
by the G rad u a te  School tow ard  fu lfillm ent of residence requirem ents . 
D eta iled  in fo rm atio n  concern ing  ex tram ura l courses an d  reg istra tion  
procedures may be o b ta in ed  from  the D ivision of E x tram u ra l Courses, 
B-20 Ives H all.
FINANCIAL SU PPO R T
Extensive financial su p p o rt is available to  C ornell g rad u a te  studen ts. 
A pprox im ately  3,000 of the  3,300 g rad u a te  s tuden ts have financial sup­
p o r t in  the form  of fellow ships, teach ing  fellow ships, an d  research 
assistantships.
Since the requ irem en ts  of g rad u a te  study are so great, studen ts  are 
d iscouraged from  try ing  to o b ta in  financial su p p o rt th ro ug h  em ploy­
m en t ou tside th e ir  academ ic interests.
N o special form s are available for financial aid. T h e  ap p lican t should 
check the type o r types of ap p o in tm e n t for w hich he wishes to be con­
sidered o n  the ap p lica tio n  fo r adm ission form .
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TEACH ING  FELLOWSHIPS
T h e  du ties of a teach ing  fellow  norm ally  involve classroom  an d  lab ­
ora to ry  in structio n  of un d erg radu a tes and , as such, play a m ajo r ro le  
in  the  ed ucatio n al process an d  the academ ic a tm osphere of the  U n i­
versity. Since a large m ajo rity  of C o rn e ll’s g radu a te  studen ts  even tually  
seek a career in  teaching, the  experience ga ined  from  these a p p o in t­
m ents is an  inva luab le  p a rt  of the  s tu d en t’s developm ent. In  m ost F ields 
of study studen ts  are encouraged  to spend  some tim e in  teaching, and  
in  a few Fields the faculty  believe the experience so im p o rta n t th a t they 
req u ire  it  of a ll studen ts  in  doc to ra l program s. A n ap p o in tm e n t as a 
teach ing  fellow  is usually  in  the  s tu d e n t’s m a jo r field o r in  one  th a t is 
closely re lated . T h e  du ties req u ire  from  ten  to  tw enty  to ta l clock-hours a 
week of the  s tu d en t’s tim e, d ep en d in g  on the  Field . A teach ing  fellow 
whose du ties are in  his m a jo r F ield  of in te rest an d  do n o t exceed 
tw enty hou rs is elig ible fo r fu ll residence cred it. T h e  rem u n era tio n  
varies widely, b u t it is usually  from  §1,900 to $2,700 fo r an  academ ic 
year an d  m ay be supp lem en ted  by a scholarship w hich covers tu itio n  
a n d  fees. A special sum m er fellow ship p rogram  is also availab le  for 
teach ing  fellows. Because of possible problem s in  co m m unication  w ith  
underg radua tes, ap p lican ts  from  non-E nglish  speaking co untries are n o t 
no rm ally  ap p o in ted  as teach ing  fellows in  th e ir  first year a t  C ornell. 
A p p o in tm en ts  are m ade by d e p a rtm en t chairm en. A p p lica tio ns fo r these 
positions should  be m ade to the F ield  R ep resen ta tive  of the  F ield  of the  
m a jo r study chosen.
RESEARCH ASSISTANTS
T h e  du ties of a research assistant involve w ork on a research project. 
T h e  w ork pe rfo rm ed  is frequen tly  ap p licab le  to the s tu d e n t’s thesis 
research an d  is u n d er the  d irec tion  of the ch airm an  of his Special 
C om m ittee. T h e  s tu d en t is req u ired  to  spend  tw enty  hours a week, b u t 
if the  research is in  the  field of his m ajo r in te rest he is ab le  to  acquire  
full-tim e residence cred it. In  m any Fields o f study such ap p o in tm en ts  
are n o t norm ally  m ade to  studen ts  in  th e ir  first year of g rad u a te  study.
FELLOWSHIPS
A fellow ship o rd ina rily  is aw arded in  o pen  co m p etitio n  to a full-tim e 
s tu d en t who is a can d id a te  for a h igh er degree. T h e  aw ard  is m ade 
as a tax-exem pt gift, an d  it covers n o t only  tu itio n  an d  fees b u t m ay also 
prov id e  a substan tia l s tip en d  for liv ing  expenses d u rin g  ten u re . A stu­
d e n t w ho holds a fellow ship is free to select his ow n research project, 
a n d  his p rim ary  responsib ility  is to  pursue  his studies for his degree. 
T h e  aw ard of the fellow ship does n o t ob ligate  the  h o ld e r to  ren d e r 
services to  the U niversity , except th a t in  ce rta in  fields some teach ing
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is req u ired  of a ll g rad u a te  s tuden ts for the  sake of the  experience 
an d  tra in ing , n o r is the h o ld er of a fellow ship com m itted  in  any way 
in  respect to fu tu re  em ploym ent. T h e  ho ld er of a fellow ship may 
accept no  o th e r  ap p o in tm e n t o r em ploym ent w ith o u t perm ission of 
the  Fellow ship B oard; how ever, teach ing  responsib ilities w ill usually  
be appro ved  as a ro u tin e  m a tte r  if they co n trib u te  to the  s tu d en t’s 
g rad u a te  program  and  do no t exceed ten  clock-hours of w ork per 
week.
Fellow ships are aw arded prim arily  on  the basis of scholastic ab ility  
an d  prom ise of achievem ent as a g rad u a te  s tuden t.
T h e  n u m b er of academ ic year fellow ships aw arded by the G rad u ate  
School is so extensive th a t it is im prac tical to p resen t a listing. (See 
also Sum m er Fellow ship S upport, page 17.) M any o th e r fellow ships are 
offered to  s tuden ts m ajo ring  in  certa in  Fields of study, an d  some of 
these are no ted  in  the descrip tions of the Fields.
A new program  has been in itia ted  at C ornell for s tuden ts in the 
H u m an itie s  an d  in selected Fields of the  Social Sciences (A nthropology, 
Econom ics, G overnm ent, L inguistics, Psychology, an d  Sociology). Its 
aim  is to  reduce the tim e req u ired  fo r a Ph.D . degree. T h is  is to be 
accom plished th roug h  a grea tly  en larged  program  of suppo rt, w ith ou t 
any sacrifice in the academ ic standard s o r requ irem en ts  for the  degree. 
Incom ing  studen ts in  the  Fields covered by the  program  will be g ua r­
an teed  su pp o rt fo r fo u r full years, inc lu d in g  the sum m ers follow ing 
the first academ ic year. In  m ost cases, there  will be fellow ship sup po rt 
fo r th ree  of the years, w ith  increasing stipends accom panied by fu ll 
tu itio n  an d  fees. O n e year, o r in  a few cases, u p  to two years, of 
teach ing  fellow ship will provide b o th  su p p o rt an d  va luab le  ex p eri­
ence an d  tra in ing . D ependency  allow ances will be available. A bout 
90 pe rcen t of those in  the  p rogram  will be given m odest sum m er 
scholarships to  en ab le  them  to co n tinu e  th e ir  studies th ro u g h o u t the 
vear.
M any p rivate  an d  federally  su p po rted  fellow ships are also ad m in ­
istered by the G rad u a te  School. N a tio na l Science F o u n d atio n  an d  
N a tio n a l A eronautics an d  Space A d m in istra tion  T ra ineesh ip s  are avail­
able, as well as N a tio na l D efense E duca tion  Act (NDEA ) T itle  IV 
Fellowships. ND EA  Fellow ships offer th ree  years of su p p o rt to doctoral 
studen ts who are U.S. citizens an d  w ho in te n d  to  en te r  a teach ing  
career. (Since com pletion  of a Ph.D . p rogram  a t C ornell norm ally  
requ ires  fo u r years, an d  because the  p rogram  is a im ed a t prospective 
teachers, N D EA  Fellows are norm ally  expected  to  gain  teach ing  ex­
perience an d  have su pp o rt d u rin g  one of the years as teach ing  fellows.)
T h e  pu rpose of the  N D EA  T itle  VI (N D FL) Fellow ship program  
is to  p rov ide encourag em en t to  ind iv iduals  tak ing  advanced tra in in g  
in  languages an d  in  associated area studies designated  as being  of 
critical im po rtance  to the U n ited  States. F o r area studies, see pages 
28-38. A p p lican ts  w ho are  in te rested  in  N D FL  Fellow ship su p p o rt 
m ust so ind icate  w hen requestin g  th e ir ap p lica tio n  m aterials for adm is­
sion. N a tion a l In s titu te  of H e a lth  T ra in eesh ip s  are available an d  are 
offered by Fields w hich have been aw arded such grants.
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Prospective g rad u a te  studen ts  should  also consider ap p ly in g  for fel­
low ships aw arded on  a n a tio n a l basis by the  N a tio n a l Science F o u n d a­
tion , the  A tom ic Energy C om m ission, the  P ub lic  H e a lth  Service, 
the  W oodrow  W ilson N a tio n a l Fellow ship F o u n d atio n , an d  the  F o rd  
F o u nd atio n . T h e  dead lines for these program s are usually  in  the  fall 
fo r the  fo llow ing academ ic year. In  some cases it  is possible fo r w inners 
of NSF an d  AEC aw ards an d  PH S Fellows to  ho ld  half-tim e a p p o in t­
m ents as teach ing  fellows fo r an  ad d itio n a l s tipend .
New York State provides several form s of financial sup po rt. T h e  
H e rb e rt H . L ehm an  Fellow ship p rogram  is open  to ap p lican ts  from  
all states whose in te rest is in  social sciences o r p u b lic  o r in te rn a tio n a l 
affairs. T h e  Fellow ships are aw arded  o n  a com petitive basis an d  m ay 
be used only  in  N ew  York State institu tion s. L eh m an  Fellow ships 
prov ide each rec ip ien t w ith  $4,000 for the  first year of g rad u a te  study 
an d  $5,000 fo r each subsequen t year. N ew  Y ork State residen ts are 
elig ib le fo r R egen ts College T each in g  Fellow ships o r R egen ts Fellow ­
ships for D octoral S tudy in  Arts, Science, an d  E ng ineering . A ny of 
these m ust be ap p lied  for in  the fall on  form s o b ta in ed  from  the 
R egen ts E xam in a tio n  an d  Scholarship C en ter, N ew  Y ork State E d u ­
cation  D ep artm en t, A lbany, N ew  York 12224.
New York State also g ran ts  every residen t who ap p lies  an d  is certified 
to  be a full-tim e s tu d en t a Scholar Incen tive  P ay m ent w hich m ay be, 
fo r g rad u ate  students, from  $100 to  $300 p e r te rm  in  the  first year, an d  
from  $200 to  $400 p e r term  thereafter, d ep en d in g  o n  req u ire d  tu itio n  
an d  incom e. H ow ever, the  Scholar Incen tive  P aym ent m ay n o t exceed 
the  am o u n t th a t is $100 less th a n  req u ired  tu itio n . T h u s, in  the  state- 
su p po rted  divisions of C ornell U n iversity  the m in im um  an d  m axim um  
Scholar Incen tive  P ay m ent is $100 a te rm  in  any year.
Because all state ed ucatio n al aid  is expressly fo r the  p urpo se  of cov­
e rin g  educational costs, every w in ner of a C ornell fellow ship o r scholar­
ship  covering tu itio n  w ho also wins a sta te  g ran t, o r w ho is e lig ib le to  
ap p ly  fo r a Scholar Incen tive  P aym ent, w ill have his C ornell aw ard 
reduced  by a t  least the am o u n t of the m in im u m  Scholar Incen tive  
P rogram  aw ard.
A space is p rov ided  on  the adm ission ap p lica tio n  form  w here the  
s tu d en t may ind ica te  the  type of su p p o rt for w hich he wishes to  be 
considered. N o special fellow ship ap p lica tio n  form  is req u ired .
As agreed u p o n  by some of the  m em bers of the C ouncil of G rad u a te  
Schools in  the U n ited  States, the  reg u la r tim e for no tifica tion  of aw ard  
from  C ornell of fellow ships an d  scholarships for the  succeeding aca­
dem ic years is A p ril 1. A ll fe llow ship  and  scholarship applications  
received by February 1 w ill be considered fo r  A p r il awards, a n d  each 
a p p lican t appro ved  fo r aw ard w ill be notified  n o t la te r  th a n  A p ril 6 
as to  w h ether he has a fellow ship o r is nam ed  as an  a lte rn a te . I t  is 
ho p ed  th a t the aw ardees w ill notify  the  G rad u a te  School no  la te r  th an  
A p ril 15 of th e ir  acceptance o r  rejec tion  of the  aw ard. F a ilu re  to  do  
this by A pril 22 w ill be considered a d eclinatio n . A p p lica tio ns received 
a fte r  February  1 m ay be considered only  if vacancies occur.
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SUPPORT IN T H E  H UM ANITIES
R ecognizing th a t the availab ility  of financial su p p o rt for co n tin u in g  
g radu a te  s tuden ts in  the  area of the H u m an itie s  is less th an  in  o th e r 
areas, C ornell has m ade a p a rtic u la r  effort to  com pensate fo r this in ­
eq u ity  by a special C ornell-supported  program . S tudents in  doctoral 
program s in  the H u m an itie s  area w ho en te r w ith  financial su p p o rt from  
C ornell, o r w ith  na tionally  aw arded  fellowships, are g u a ran teed  su p p o rt 
in  the form  of an  assistantsh ip  o r a fellow ship for a four-year period , 
p rov ided  they are m aking  satisfactory progress tow ard  the  doctoral 
degree.
SUMMER FELLOWSHIP SUPPORT
T h e  G rad u a te  School Faculty  believes th a t g rad u ate  education , in  con­
trast to  u n d erg rad u a te  program s, should  be on a year-round basis to 
enab le s tuden ts to  o b ta in  th e ir  degrees in  a reasonable  perio d  of tim e. 
T h e  m ajority  of C ornell Ph.D . s tuden ts are, therefore, su p p o rted  over 
the  sum m er pe rio d  th roug h  research assistantships an d  fellowships. 
N orm ally  the sum m er perio d  is devoted  to in fo rm al study an d  research 
ra th e r  th an  to course work, an d  no tu itio n  o r fees are charged.
T w o extensive sum m er fellow ship program s based on  financial need 
are notew orthy . O ne involves aw ards to  those studen ts  w ho have been 
full-tim e teach ing  fellows. T h e  o th e r  involves fellow ship su p p o rt 
to studen ts w ho are in  the  final stages of th e ir  thesis p rep a ra tio n . 
I t  is expected  th a t some 200 sum m er fellow ships w ill be aw arded  for 
the sum m er of 1968 u n d e r these two program s. A n o th er 1,300 studen ts 
w ill be su p p o rted  as research  assistants, an d  250 studen ts  w ill be on 
tw elve-m onth fellowships.
RESIDENCE HALL ASSISTANTSHIPS
A ssistantships in  U niversity  residence halls are available for m en an d  
w om en g rad u ate  studen ts in  any academ ic field. T h ey  are m ost ap p ro ­
p ria te  for g rad u ate  studen ts  w ho desire experience in  w ork ing w ith  
u n d erg rad u a te  s tuden ts  an d  U niversity  staff w hile co n trib u tin g  finan­
cially to the ir ow n study.
In  the w om en’s area one-th ird  of the fifteen assistantships available 
are reserved for g rad u ate  studen ts in  the  field of S tu d en t P ersonnel 
A d m in istra tion . T e n  assistantships, offering living expenses an d  a yearly 
s tipend , are available to  g rad u a te  w om en in  o th e r disciplines. P a rticu ­
lars an d  ap p lica tio n  forms m ay be o b ta in ed  by w riting  to  the Office of 
the  D ean  o f S tudents, 133 Day H all.
In  the  m en ’s housing  area there are th ree types of positions, a ll re q u ir­
ing  a personal interview . T h e re  are  a n u m b er of counselor positions 
available to single u n d erg rad u a te  an d  g rad u ate  m en. Each counselor is 
responsib le for a floor co n ta in in g  fifty-five freshm en. C ounselor positions
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carry free room  fo r the  first year an d  a $200 s tip en d  in  th e  second. T h e  
e igh t head  res iden t positions are open  to m arried  g rad u a te  studen ts  w ith ­
o u t  ch ild ren . Each head  res id en t is responsib le for a do rm ito ry  of 250 
m en an d  five staff. T h e  head  residen t lives in  a two-room  ap a r tm e n t an d  
receives a $700 stipend .
A pp lica tions should  be addressed to  the Office of the  D ean  o f S tu­
dents, 133 Day H a ll. T h e  d ead lin e  fo r ap p lica tio n  fo r positions in  m e n ’s 
do rm ito ries  is F eb ru ary  1.
LOANS
O nly g rad u a te  s tuden ts  du ly  registered  in  a degree-gran ting  program  
are elig ible for loans. T h is  does n o t inc lude  p rov isiona l o r n o n can d i­
da te  studen ts.
C ornell utilizes university , state, an d  N a tio n a l D efense L oan  p ro ­
gram s. T h e  to ta l am o u n t of loan recom m ended, regardless of source, is 
based u p o n  the  financial need  of the  s tu d en t as analyzed by the U n i­
versity C om m ittee  on F inancia l Aid.
A pp lica tio ns are  availab le  a t the  Office of Scholarships an d  F inanc ia l 
A id , 105 Day H all. S tate loan  ap p lica tio ns m ay also be o b ta in ed  a t 
th is office.
PART-TIM E EMPLOYMENT
A d d itio n a l o p p o rtu n itie s  fo r part-tim e w ork are o ften  availab le  in  con­
n ection  w ith  d e p artm en ta l research pro jec ts o r o th e r  activities. A p p lica­
tions fo r this type of w ork should  be m ade d irec tly  to  the  d e p a rtm en t 
concerned. If  a can d id a te  is em ployed in  research o r o th e r  w ork closely 
allied  to  his academ ic in te rest, he m ay find such em ploym ent aca­
dem ically  valuable .
Progress in  candidacy is difficult w hen a s tu d en t a ttem p ts  to  su p p o rt 
him self w holly o r partia lly  by w ork u n re la ted  to  his studies. I t  usually  is 
sounder econom y to borrow  from  the  Office of Scholarships an d  F in a n ­
cial A id  an d  keep em ploym ent to  a m in im um . H ow ever, the  U n iver­
sity m a in ta in s  a part-tim e s tu d en t em ploym ent service in  th a t office.
EMPLOYMENT O PPO RTUN ITIES FOR WIVES 
OF G R AD UA TE STU DEN TS
C ornell U n iversity  offers m any nonacadem ic positions fo r w ork ing 
wives th rou g h  the  P ersonne l D ivision, B-12 Ives H a ll. T ypes of w ork 
inc lude  secretarial an d  clerical work, w ork fo r technicians in  the  various 
labora tories, lib rary  w ork, lim ited  n u rs ing  positions, an d  some ad m in ­
istra tive positions. A p plicatio ns m ay be m ade th ro ug h  the P ersonnel 
D ivision u p o n  arrival on  cam pus. A p p lican ts  fo r academ ic positions 
should  ap p ly  to  the  specific d ep artm en ts  in  w hich they are in te rested .
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In  ad d itio n  to the U niversity  positions, the Ithaca  area offers o p p o r­
tu n itie s  fo r sim ilar positions in sm all in d u stria l p lan ts, Ithaca  College, 
the local hosp ita l, an d  various businesses, as well as fo r teach ing  posi­
tions in  the  pub lic  school system an d  some professional positions in  
service agencies. A pp lican ts  should  go to  the New York State E m ploy­
m en t Office for fu rth e r  in fo rm atio n  reg a rd in g  these o p p o rtun ities .
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ACTIVITIES FOR G R AD UA TE STU DEN TS
C ornell is in  a sm all academ ic tow n in  cen tra l New York State. I t  has 
the  advantages o f a sm all tow n a tm osphere b u t a t the same tim e has 
m any cu ltu ra l aspects th a t rival those of any large city. A significant 
concert p rogram  brings in te rn a tio n a lly  fam ous artists to  Ith aca . D ra­
m atic program s, talks by v isiting  lecturers, an d  a rt ex h ib itio ns  fill the  
weekly ca len dar o f the U niversity  an d  p resen t such a w ide choice of 
events th a t a s tu den t can no t possibly a tte n d  all in w hich he is in terested .
T h e re  are places for g rad u a te  s tuden ts  in  m any ex tracu rricu la r activ­
ities shared  by und erg rad ua tes; am ong o thers  are in tram u ra l sports, 
d ram a, G lee C lub, Sage C hapel C hoir, pub lica tions, m usic, an d  folk 
dancing . A G rad u a te  S tu d en t A ctivities C om m ittee is active in  schedul­
ing  weekly social events. A G rad u a te  W ives’ C lub  has h ad  a long tra ­
d itio n  of activity  fo r the wives of g rad u a te  studen ts. W illa rd  S traigh t 
H a ll an d  the Sage G rad u a te  C en te r p rov ide facilities fo r g radu a te  
g roups an d  aid  in p lan n in g  special functio ns fo r them .
C ornell U n ited  R eligious W ork  (C U R W ) includes a range o f activities 
fo r g radu a te  students. Its  offices are in  A nabel T ay lo r  H a ll, w hich 
serves as a headq u arte rs  fo r ch aplain s w ho rep resen t several den om i­
n a tions an d  w ho may be consu lted  by studen ts.
C o rn e ll’s location  in  the F ing er Lakes R egion of N ew  York State 
stim ulates o u td o o r activity. M any sw im m ing an d  boa ting  facilities are 
available . In  ad d itio n , C ornell opera tes  a p rivate  eighteen-hole golf 
course; ind o o r an d  o u td o o r sw im m ing pools; an d  in d o o r skating  rink; 
tennis, han d b a ll, an d  squash courts; gym nasium ; an d  r id in g  stables, all 
of w hich are  op en  to g rad u a te  students. A varie ty  of ski resorts also 
o p e ra te  n e a r  by.
A lm ost all Fields of study sponsor weekly sem inars fo r th e ir  facu lty  
an d  g rad u ate  students.
COUNSELING
T h e  U niversity  m a in ta in s  a varie ty  of counseling  services availab le  to 
g rad u a te  students. A s tu d en t’s p rim ary  academ ic counselors are the 
m em bers of his Special C om m ittee.
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O th e r counselors who are ab le to  he lp  in  m atters  of various k inds w ill 
be fo u n d  in  the  Office of the D ean  of S tudents, the  Office of Scholar­
ships an d  F inancia l Aid, the  In te rn a tio n a l S tu d en t Office, th e  G a n n e tt 
M edical C linic, an d  the  Sage G rad u a te  C enter.
IN T E R N A T IO N A L  STU D EN TS
C ornell has, since its found ing , w elcom ed s tuden ts  from  ab road . C u r­
ren tly  1,107 foreign studen ts rep resen tin g  84 co untries are  p u rsu in g  
study in  a varie ty  of Fields.
In  ad d itio n , each year over one h u n d red  facu lty  m em bers spend  some 
tim e ab ro ad  in  study an d  research, o ften  in  close association w ith  foreign 
universities. T h is  creates w ith in  the U niversity  co m m unity  o p p o rtu n itie s  
for scholars from  o th e r  countries to  m eet an d  exchange ideas w ith  
m em bers of th e  C ornell faculty, w ho often  have first-hand know ledge 
of several countries an d  u n d erstan d  an d  ap p rec ia te  a varie ty  of cu ltu res.
Special study program s w ith in  the  G rad u a te  School pe rm it study in  
d e p th  of p a rtic u la r  areas such as A frica, Asia, Southeast Asia, L a tin  
A m erica, an d  the  N ear East. S tudents from  those areas have an  o p p o r­
tu n ity  to co n trib u te  to such program s.
T h e  Ith aca  com m unity  is in  a n a tu ra l setting  w hich allows for en joy­
m en t o f m any recrea tional activities. In  ad d itio n , varied  cu ltu ra l an d  
in te llec tua l activities are sponsored by the  U niversity . T o u rs  of the 
co m m unity  are  conduc ted  a t the beg in n in g  of the  fall sem ester. A g ro u p  
o f C ornell faculty an d  Ithaca  fam ilies m a in ta in  a H o st Fam ily P rogram , 
in  w hich foreign studen ts  are inv ited  to  share in  some aspects of A m eri­
can fam ily life in  the Ithaca  com m unity . W ith  the  U niversity  p o p u la ­
tio n  a varied  one, the  com m unity  itself, a lth o ug h  n o t large, tends to 
have a m ore cosm opolitan  atm osphere th a n  m ost o th e r  sm all cities, an d  
the  s tu d en t can usually find an  o u tle t fo r a w ide varie ty  of interests.
T h e  U niversity  m a in ta in s  an  In te rn a tio n a l S tu d en t Office a t  142 Day 
H all. S tudents from  ab road  are inv ited  to consu lt the  staff of th a t office 
on  any questions they m ay have. T h e  office works in  close association 
w ith  academ ic advisers an d  sponsors, an d  also w ith  persons involved in  
a n u m b er of s tu den t an d  com m unity  program s in  efforts to  en rich  the 
in te rn a tio n a l an d  cu ltu ra l life o f C ornell. S tuden ts are  asked to re p o rt 
to  this office u p o n  a rriv in g  in  Ithaca.
HEALTH REQUIREM ENTS ON ENTRANCE
T h e  follow ing hea lth  req u irem en ts  for en te r in g  g rad u a te  s tuden ts  have 
been ad o p ted  by the B oard of T ru stees  of C ornell U niversity . F a ilu re  to 
fulfill these req u irem en ts  m ay resu lt in  loss of priv ilege of reg istering  
the  follow ing term . T h e  responsib ility  fo r fu lfilling  these requ irem en ts  
rests u p o n  the  s tuden t.
IM M U N IZ A T IO N . A satisfactory certificate of im m uniza tion  against 
sm allpox, on  the form  supp lied  by the  U niversity , m ust be subm itted
GENERAL IN FO R M A TIO N  21
before reg istra tion . I t  w ill be accepted  as satisfactory only  if it certifies 
th a t w ith in  the last th ree  years a successful vaccina tion  has been  p e r­
form ed. If  this req u ire m en t can n o t be fu lfilled  by the  s tu d e n t’s hom e 
physician, o p p o rtu n ity  for im m uniza tion  w ill be offered by the C ornell 
m edical staff d u rin g  the  s tu d e n t’s first sem ester, w ith  the  cost to  be borne  
by the  studen t. If  a s tu d en t has been  ab sen t from  the  U niversity  for 
m ore th a n  th ree  years, im m u nity  w ill be considered to have lapsed and  
a certificate of revaccination  m ust be subm itted .
I t  is strongly recom m ended  by the  U niversity  H e a lth  Services th a t all 
g rad u a te  studen ts  have im m uniza tion  against te tan u s  before  en te rin g  
the  U niversity . A ll g rad u a te  studen ts  may, how ever, o b ta in  in itia l an d  
all booster te tanu s  toxo id  im m unizations a t  the  G a n n e tt C lin ic  for a 
no m inal charge.
H E A L T H  H IS T O R Y . S tuden ts accepted  for adm ission w ill be req u ired  
to  subm it h ea lth  h istories on  form s su p p lied  by the U niversity .
X  RAY. Every s tu d en t is req u ired  to have a chest x  ray. O p p o rtu n ity  
is given to  satisfy th is req u irem en t d u rin g  th e  s tu d en t’s first week 
on  cam pus. T h e  cost of the x  ray  ex am in a tion  is in c lud ed  in  the 
G enera l Fee. W h en  a s tud en t who has been away from  the  university  
for m ore th an  a year wishes to re-enter, he m ust a t his ow n expense, 
once m ore fulfill the chest x ray  req u irem en t, an d  he m ust also subm it 
a new h e a lth  history.
HEALTH SERVICES A ND MEDICAL CARE
H e a lth  services an d  m edical care for s tuden ts  are cen tered  in  two 
C ornell facilities: T h e  G a n n e tt M edical C lin ic  (o u tp a tien t d ep artm en t) 
an d  the Sage H o sp ita l.
S tudents are  en titled  to  u n lim ited  visits a t  the  C linic. A p p o in tm en ts  
w ith  in d iv id ua l doctors a t the C lin ic  may be m ade by calling  o r com ­
ing  in person. (An acutely ill s tud en t will he seen prom p tly  w h eth er he 
has an  ap p o in tm e n t o r not.) S tudents are also e n titled  to  lab ora to ry  
an d  x  ray  exam ina tions in d ica ted  fo r diagnosis an d  trea tm en t, hos­
p ita liza tio n  in  the  Sage H o sp ita l w ith  m edical care fo r a m axim um  
of fo u rteen  days each term , an d  em ergency surgical care.
If a s tu d en t requ ires m edical a tte n tio n  w hen the C lin ic  is n o t open , 
an  a tte n d in g  physician o r  em ergency service is available a t Sage H os­
p ita l. T h e  cost of these services is covered in  the G eneral Fee.
O n a vo lu n tary  basis, insurance is av ailab le  to su pp lem en t the 
services p rov ided  by the  G eneral Fee. For fu rth e r  de tails  see the 
A n n o u n cem en t o f G eneral In fo rm a tio n . If, in  the  o p in io n  of the 
U niversity  au thorities , the  s tu d en t’s h e a lth  m akes it unw ise for h im  
to  rem ain  in  the U niversity , he may be req u ired  to  w ithdraw .
If a s tud en t prefers to consu lt a p riv a te  physician ra th e r  th a n  go 
to the C linic, o r to have the  services of a p rivate  doc to r w hile a p a tien t 
in  Sage H osp ita l, he m ust b ea r the cost of these services.
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LIVING ARRANGEM ENTS
D O R M IT O R Y  A C C O M M O D A T IO N S . T h e  U niversity  has established 
Sage H a ll as a g radu a te  residen tia l center. Its do rm ito ry  facilities accom ­
m od ate  approx im ate ly  100 m en in  the  n o r th  side of the  b u ild in g  and  
105 w om en in  the  sou th  side. T h e  G rad u a te  C en ter, w hich is available 
fo r use by all g radu a te  studen ts  an d  faculty, also con ta ins a  cafeteria 
seating  200, study rooms, an d  lounges. In  ad d itio n , C ascadilla H a ll has 
been  rem odeled  to  accom m odate ap p ro x im ate ly  160 single g rad u ate  
m en.
A p plicatio ns for do rm ito ry  accom m odations m ay be o b ta in ed  any tim e 
a fte r Jan u a ry  1 for the com ing academ ic year by w ritin g  the D ep artm en t 
of H o usin g  an d  D in in g  Services, 223 Day H all.
FA M ILY  A C C O M M O D A T IO N S . T h e  U niversity , th roug h  the  D e p a rt­
m en t of H ousin g  an d  D in in g  Services, has th ree  ap a r tm e n t develop­
m ents fo r m arried  studen ts  an d  th e ir  fam ilies. T h ey  are C o rne ll Q u a r­
ters, P leasan t G rove A p artm ents, an d  H asbrouck  A partm en ts , w ith  to ta l 
housin g  fo r ab o u t 400 fam ilies. A ll ap artm en ts  are un fu rn ish ed . F or 
fu r th e r  in fo rm atio n  an d  ap p lica tio n , w rite  the  D e p artm en t of H o using  
an d  D in ing  Services, R oom  223, Day H all.
OFF-CA M PU S H O U S IN G . Because it is req u ired  th a t all s tuden ts  live 
in  C ornell-approved  housing, an  office listing  off-campus housing  facili­
ties is m a in ta in ed  by the  D ep artm en t of H o u sin g  an d  D in in g  Services in  
R oom  223, E d m un d  Ezra Day H all. I t  functio ns as a b u rea u  of in fo r­
m ation , m a in ta in in g  files of vo lun tarily  listed  accom m odations fo r use 
of s tuden ts an d  staff m em bers w ho call a t th e  office. Because the  list of 
available accom m odations is constan tly  changing, it  is n o t prac tical 
to m ail listings, n o r is it feasible to  m a in ta in  a w aiting  list of persons 
seeking accom m odations.
M O TO R VEHICLES
T h e  U niversity  does n o t encourage s tu d en t use of m o to r vehicles b u t 
recognizes th a t in  certa in  cases the re  m ay be im p o rta n t reasons why 
a s tu d en t needs a m o to r vehicle. U n iversity  reg u la tion s ap p ly  to all 
types of m oto r vehicles, in c lud ing  au tom obiles, m otorcycles, m oto r 
bikes, a n d  m oto r scooters.
Every s tu d en t who owns, m ain tains, o r for his ow n benefit operates 
a  m o to r vehicle in T om pk in s  C ounty , d u rin g  the  tim e the  U niversity  
is in  session, m ust register such vehicle w ith  the  Safety D ivision Office, 
even thou gh  the vehicle m ay be also registered  by faculty, officers, o r 
em ployees. All studen ts  m ust reg ister m o to r vehicles w ith in  the  p re ­
scribed tim e fo r U niversity  reg istra tion  a t  the  b eg in n ing  of th e  fall 
te rm  (ex cep tio n : s tuden ts w ho are  n o t th en  subject to  this ru le  b u t 
la te r  becom e subject to it m ust register vehicles w ith in  five days after 
becom ing so subject). S tudents en te rin g  the  U niversity  for the  spring  
sem ester o r re-en te ring  a fte r a p e rio d  of absence m ust reg ister m o to r
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vehicles w ith  the Safety D ivision a t  the tim e of, o r w ith in  the tim e for, 
general reg istra tion .
Every s tu d en t who has a m oto r vehicle m ust com ply w ith  the  follow­
ing  requ irem en ts: (1) the  s tu d en t m ust be legally qualified  to  opera te  
a m oto r vehicle in  New York State; (2) the  vehicle m ust be registered  in  
New York State o r legally qualified  to  be o p e ra ted  on the highways of 
New York State; (3) the  vehicle m ust be effectively insu red  against pub lic  
liab ility  for personal in ju ry  an d  p ro perty  dam age for the m in im um  of 
$10,000 -  $20,000 -  $5,000, fo r the d u ra tio n  of such reg istra tion  an d  
w hile the vehicle is u n d e r  the  co n tro l of the  reg istering  s tu den t; (4) the 
reg istra tion  fee covering the fall an d  sp ring  term s, o r any p a rt  thereof, 
is $4 an d  is due an d  payable in  the  T re a su re r’s Office on the  same da te  
as tu itio n  an d  o th e r fees; in  case of la te  registrants, the  fee w ill be 
due w ith in  a week a fte r such reg istra tion . A fine is levied if the  vehicle 
is no t registered  w ith in  the specified tim e.
N o s tud en t may pa rk  his m o to r vehicle on  the cam pus from  8 a .m . 
to  5 p .m . M onday th ro ug h  Friday, o r  from  8 a .m . to  1 p .m . Saturdays. 
C erta in  areas are restric ted  tw enty-four hours a day; such areas include 
“no p a rk in g ” zones, do rm ito ry  p a rk in g  areas, an d  areas listed as lim ited  
a t  a ll tim es to  ho lders of specific perm its.
Special area p a rk in g  perm its are issued only  a fte r carefu l considera­
tion  by the Safety D ivision Office. E x ten u a tin g  circum stances (physical 
disabilities, etc.) are  the basis fo r the issuance of these perm its.
T h e  s tu d en t’s reg istra tion  in  the  U niversity  is he ld  to  co nstitu te  
an  ag reem ent on  his p a r t  th a t he w ill ab ide by all its ru les an d  regu la­
tions w ith  reg a rd  to  traffic an d  p a rk in g  o r suffer the penalty  prescribed 
for any v io la tion  of them .
C orrespondence regard ing  m o to r vehicles should  be addressed to  the  
B oard on Traffic C ontro l, G-2 B arton  H all.
PLACEMENT
T h e  U niversity  P lacem ent Service, 122 Day H all, assists C ornell m en 
an d  wom en who are ready for positions in  business, industry , gov ern­
m ent, an d  o the r in s titu tio n s  by supervising  the  assem bling an d  p re ­
sen ta tio n  of personn el records an d  m aking  arrangem en ts  fo r on- an d  
off-campus interview s. G rad u a te  studen ts  are advised to  reg ister w ith  
the office ap pro x im ate ly  a year before they will be availab le  for 
em ploym ent.
T h e  E duca tiona l P lacem ent Service, 320 W ait A venue, perform s a 
sim ilar functio n  for those whose vocation  is teaching. M any of the p ro ­
fessional schools an d  colleges m a in ta in  separa te  p lacem ent offices for 
the special professions; th e ir  services are availab le  to  registered  g radu ate  
studen ts  an d  a lum ni.
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T U IT IO N  AND FEES
T u it io n  an d  fees* becom e d u e  w hen the  s tu d en t registers. A ny s tu den t 
w ho fails to  pay his tu itio n , fees, an d  o th e r  indeb ted ness to  the 
U n iversity  a t the T re a su re r’s Office w ith in  the  p rescribed  period  
of grace w ill be d ro p p ed  from  the U niversity  unless th e  T re a su re r  
has g ran ted  h im  an ex tension  of tim e to  com plete  paym ent. T h e  
T re a su re r  is p e rm itted  to  g ra n t such an  ex tension  w hen, in  his ju d g ­
m ent, the  circum stances of a p a rtic u la r  case w a rran t his do in g  so. For 
any such ex tension  the  s tu d en t is charged  a fee of $5. A re in s ta tem en t 
fee of $10 is assessed against any s tu d en t w ho is p e rm itted  to  co n tinu e  
o r  re tu rn  to  classes a f te r  being  d ro p p ed  from  the  U niversity  for de fau lt 
in  paym ents. T h e  assessm ent m ay be w aived in  any instance fo r reasons 
satisfactory to  the  T re a su re r  an d  the  R eg istrar w hen such reasons are 
set fo rth  in  a w ritten  statem ent.
S tudents reg istering  a t any tim e d u rin g  the  last ten  weeks of any term  
are req u ire d  to  pay tu itio n  a t the  ra te  of 10 p e r  cen t of the  reg u la r 
tu itio n  of the  term  for each week o r frac tio n  of a week betw een the  day 
of reg is tra tion  an d  the last ex am ina tio n  day of the  term .
T u itio n  or fees may be changed by the  Trustees at any tim e w ith o u t 
previous notice.
FEES PAYABLE BY G R AD UA TE STU D E N T S  
Registration Deposit
A deposit of $28 m ust be m ade by every a p p lican t fo r adm ission a fte r 
the  ap p lican t has received no tice of acceptance, unless th e  can d ida te  has 
previously m a tricu la ted  as a s tu d en t a t C ornell U niversity . T h is  deposit 
is used a t th e  tim e of first reg is tra tio n  to  pay the  m a tricu la tio n  fee, chest 
x  ray, an d  ex am ination-book  charge, an d  covers ce rta in  expenses inc i­
d e n ta l to  g rad u a tio n  if the  s tu d en t receives a degree. T h e  deposit will 
n o t be re fu n d ed  to  any can d id a te  w ho w ithdraw s his ap p lica tio n  a fte r 
M ay 22 o r a fte r tw enty  days of his adm ission ap proval. T h is  fee is n o t  
covered by university  fellowships, scholarships, o r assistantships.
Tuition
T u it io n  is $200 a te rm  fo r all studen ts  registered  in  the G rad u a te  School 
whose m a jo r chairm an  is on  the faculty  of the  sta tu to ry  divisions-)- of the 
U niversity . T ho se  w ith  m a jo r w ork in  the School of N u tr itio n  also 
pay $200 a term . T u itio n  in  the F ield  of E du ca tio n  is generally  $200 
ex cept in  a few cases, w here it is $772.50. All studen ts  in  o th e r  divisions
* All statements in this section are prepared by the Treasurer, who alone is au th o r­
ized to in terpret them.
t  T he statutory divisions are the Veterinary College, the Colleges of A griculture and 
Home Economics, and the School of Industrial and Labor Relations.
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m ust pay tu itio n  of $772.50 a term . T u it io n  is payable a t  the  beg in n in g  
o f each term .
U p o n  reco m m en dation  by the  a p p ro p ria te  college dean  an d  by action  
of the  C on tro ller, fo r each ap p o in tm e n t in  a sta tu to ry  school o r 
college, w aiver of tu itio n  in  the  G rad u a te  School m ay be m ade to  a m em ­
ber of the  teach ing  o r scientific staff, whose m a jo r field o f study is in  a 
sta tu to ry  school o r college.
Assistants in  s ta tu to ry  schools o r colleges who are on tw elve-m onth 
ap p o in tm en ts  an d  w ho are  registered  for Sum m er R esearch for cred it 
in  the  G rad u a te  School m ay be recom m ended  for w aiver of tu itio n  
d u rin g  the sum m er period  u n d e r  the  above lim ita tions. T h is  w aiver 
of tu itio n  does n o t app ly  if the  s tu d en t registers in  the  Sum m er Session 
o r is n o t do ing  produ ctive  w ork for the  d ep artm en t.
A ny s tu den t w ho is to  receive less th a n  fu ll residence c red it because 
of his em ploym ent should  app ly  for p ro ra tio n  of tu itio n  on form s p ro ­
cu rab le  a t  the G rad u a te  School Office. T u itio n  is based on residence 
elig ib ility . See pages 11, 13.
General Fee
A fee of $275.00, payable a t the  b eg in n ing  of each term , is req u ired  of 
each s tu d en t reg istered  in  the G rad u a te  School whose m ajo r chairm an  
is on  the  faculty  of one o f the  sta tu to ry  divisions,* o r on  the  facu lty  
of the School of N u tritio n , o r (in  m ost cases) of the  School of E d u ­
cation . A ll o thers pay a fee of $252.50. T h is  G enera l Fee co n trib u tes 
tow ard the  services supp lied  by the  libraries, C lin ic an d  H o sp ita l, an d  
the  s tud en t u n io n  in  W illa rd  S tra igh t H a ll, an d  pays a p o rtio n  of the  
ex tra  cost o f lab ora to ry  courses an d  genera l adm in istra tio n .
A s tu den t w ho is regu la rly  reg istered  in  the  G rad u a te  School fo r 
e ith e r  one o r bo th  term s of the  academ ic year an d  has pa id  th e  above 
fee is e n titled  to  these services w hile in  residence d u rin g  the  sum m er 
im m ediate ly  fo llow ing the academ ic year w ith o u t paym en t of an  ad d i­
tio na l G eneral Fee. If  such a s tu d en t registers w ith  the  U niversity  
d u rin g  the sum m er, he is liab le  fo r pay m en t of any tu itio n  an d  o th e r  
fees, an d  m ust p resen t his ID  card  at the tim e of paym en t of these 
charges in  o rd er to  claim  ex em p tio n  from  pay m en t of the  G enera l 
Fee.
A g rad u a te  s tu d en t who re tu rn s  to the U n iversity  to  p resen t his thesis 
an d  to  take the  final ex am in a tion  for an  advanced degree, a ll o th e r  
w ork fo r th a t degree h av ing  been previously  com pleted , m ust reg ister as 
a “C an d id ate  for D egree O n ly” an d  pay a fee of $35.
Other Fees
T H E S IS  FEE. Each doctoral can d id a te  m ust pay $30 a t the  tim e of 
depositing  the ap pro ved  thesis an d  ab strac t in  final form . T h is  fee
* T he  statutory divisions are the Veterinary College, the Colleges of Agriculture 
and Home Economics, and the School of Industrial and Labor Relations.
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covers the  cost of p rep a rin g  a m aster m icrofilm  of th e  en tire  thesis; of 
p u b lish in g  the  ab strac t in  th e  b im onth ly  period ical, D issertation A b ­
stracts; of m ailing  the m icrofilm  an d  ab strac t to  the  m icrofilm  p u b ­
lisher; an d  of b in d in g  b o th  copies of th e  thesis fo r deposit in  the 
U n iversity  L ibrary .
L IM IT E D  R EF U N D S. P a r t of the  tu itio n  an d  G en era l Fee w ill be 
re fu n d ed  to  studen ts  who officially w ith draw  o r take a leave of ab ­
sence d u rin g  the  first n in e  weeks of a  term . A s tu d en t arranges 
fo r a leave of absence o r w ith draw al a t the  G rad u a te  School Office. 
S tudents w ho w ithdraw  are charged tu itio n  an d  the  G en era l Fee a t 
the ra te  of 10 pe r cen t fo r each week o r frac tion  of a week from  regis­
tra tio n  to the  effective da te  of w ithdraw al. N o charge is m ade if the 
s tu d en t w ithdraw s w ith in  six days of reg istra tion . N o  p a r t  of the  regis­
tra tio n  o r m a tricu la tion  fee is re fu nd ab le .
S U M M E R  SESSION. G rad u a te  s tuden ts  w ho a tte n d  classes in  the  
Sum m er Session m ust register bo th  in  the  G rad u a te  School an d  in  the 
Sum m er Session; they m ust pay the tu itio n  an d  fees listed  in  th e  A n ­
no u n cem en t o f the S u m m er Session.
S U M M E R  R E S EA R C H . S tuden ts registered  fo r Sum m er R esearch pay 
one ha lf of the G eneral Fee fo r a reg istra tion  pe rio d  o f n o t m ore th a n  
e igh t weeks an d  the  fu ll fee for a reg istra tion  p e rio d  of over eigh t weeks 
unless they were regu la rly  registered  in  th e  G rad u a te  School d u rin g  the 
prev ious academ ic year. F or those studen ts  elig ib le  fo r an d  desiring  
residence, a p ro ra ted  tu itio n  is charged in  accordance w ith  the  fraction  
of a residence u n it  to  be earned , based on  the  tu itio n  in  effect fo r the 
subsequen t academ ic term .
IN  A B SE N T IA . A g radu a te  s tu den t registered  in absentia  w ill pay a fee 
of $35 each term .
SPECIAL RESOURCES FOR RESEARCH 
AND ADVANCED STUDY
T h e  descrip tions below  are  lim ited  to  m a jo r genera l facilities a t the 
service o f g rad u ate  studen ts  in  any of a varie ty  of fields of in struction . 
In  ad d itio n , substan tia l collections an d  facilities, in  m any instances 
un iq u e , have been assem bled for the  use o f g radu a te  s tuden ts. A lthough  
the  facilities can n o t be described adequa te ly  in  this A nnou ncem en t, 
some of them  are m en tion ed  in  the  statem ents given u n d e r  the  Fields 
of In s tru c tio n  on  pages 48-175.
CORNELL UNIVERSITY LIBRARIES
T h e  lib raries are am ong the p rin c ip a l facilities in  the  U n iversity ’s 
p rogram  of g rad u ate  studies. T h e  to ta l n u m b er of volum es a t C ornell 
is now  over 3.000.000. an d  th a t figure increases by a b o u t 175,000 each
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year. F or the convenience of studen ts an d  faculty, the hold ings are o rgan ­
ized in to  a co n tro lled  system of d is tinc t libraries. Some of the lib raries are 
large; some have lim ited  holdings. Some are general, some selective. 
Each library , w h ether w ith in  one of the colleges o r housed in  a b u ild ing  
of its own, is s itua ted  w here its books an d  its facilities lie m ost easily 
available to those w ho use them  m ost. T h e  libraries, w hatever th e ir 
n a tu re , have been developed over m any years by scholarly lib ra rian s  an d  
professors w ith  the view of achieving b read th  an d  d e p th  in  the  cen tral 
libraries, u tility  an d  coherence in  the specialized ones.
T h e  U n iversity ’s lib raries offer su p p o rt for g rad u a te  studies a t several 
levels. T hey  provide basic read ings in  v irtually  all subjects, co llateral 
studies fo r classroom  an d  sem inar in struction , an d  highly specialized 
m aterials for advanced students. A n unusu ally  rich collection of re fe r­
ence works, bo th  m odern  an d  an tiq u a rian , expedites bo th  the daily  study 
an d  d isserta tional research. O f jo u rna ls  an d  periodicals, ab ou t 35,000 
titles are available, m ost of them  in com plete runs, some of them  in  
m u ltip le  copies, a ll of them  im m ediate ly  available . Special d epartm en ts  
are m a in ta in ed  for m aps, m icrotexts, docum ents, new spapers an d  
o th e r such collections.
T o  most g radu a te  students, O lin  L ibarary , designed p rim arily  as a 
research library , becomes the m ost fam iliar. O lin  L ibrary , com pleted  
in  1961, offers every m odern  lib rary  facility for its readers. T h e  bu ild ing  
is com pletely a ir-conditioned , scientifically lighted , com fortably  fu r­
nished, an d  organized fo r efficient o p e ra tio n . I t  provides easy access 
to  the book stacks, conven ien t photocopying  facilities, an d  a com forta­
ble lounge area for g rad u a te  students. C ongestion is reduced  n o t only 
because of arch itec tu ra l design b u t also because u n d erg rad ua tes  have 
th e ir  own open-stack lib rary  in a separa te  bu ild ing . A g rad u ate  s tu den t 
whose w ork has advanced to the w riting  stage m ay apply  fo r use of a 
carrel ad jo in in g  the  book stacks in o rd er to facilita te  com pletion  of his 
d issertation . O lin  L ibrary  is open  in  term  tim e from  8 a .m . to  11:30 p .m . 
weekdays an d  from  1 p .m . to 11:30 p .m . Sundays.
W ith in  O lin  are a nu m b er of special collections likely to be of p a r­
ticu la r in te rest to  advanced studen ts  of the  social sciences an d  the  h u ­
m anities. T h e  D ep artm en t of R are Books houses several d istingu ished 
collections, am ong them  books an d  m anuscrip ts re la tin g  to  D ante, 
Petrarch , W ordsw orth , Joyce, Shaw, an d  o th e r lite rary  figures. T h e  
Noyes co llection is rich  in  A m erican h isto rical docum ents, especially 
those p e rta in in g  to  L inco ln  an d  the C ivil W ar. S tudents in  the social 
sciences will also find ex trao rd in arily  in te resting  m anuscrip ts an d  books 
in  the collections of slavery an d  ab o lition , of w itchcraft, of the French 
R evo lu tion , an d  of the life an d  tim es of L afayette. L ong  fam ilia r to  p ro ­
fessional scholars are the  W ason C ollection  on C h ina  an d  the  C hinese, 
Ja p a n , an d  Southeast Asia collections, an d  also the  O ld  Icelandic 
C ollection. T h e  H istory  of Science collections include the A delm ann 
lib rary  of em bryology and  anatom y, an d  the lib rary  of the French 
scientist, Lavoisier. T h e  collection of R egional H istory  an d  C ornell 
U niversity  archives is a m anu scrip t depository  w ith  to ta l hold ings of 
m ore th an  14 m illion  item s. T hese  m anuscrip ts re la te  to all aspects of 
the econom ic, political, an d  social history of this region an d  the areas
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historically  co nnec ted  w ith  it. H ere  too  are the  docum ents an d  m a n u ­
scripts re lev an t to  the  fo un d ing  an d  d evelop m en t o f C o rne ll U niversity . 
In  ad d itio n  to  the  collections in  O lin  L ibrary , m any o f th e  college an d  
d e p a rtm en t lib raries  also co n ta in  m ateria ls  u n iq u e  in  th e ir  respective 
fields. C urato rs  an d  reference lib rarian s  in  all the  lib raries  are  available 
fo r counsel concern ing  the  av ailab ility  an d  use of research  m aterials.
T h e  U n iversity  lib raries  in  aggregate consist of O lin  L ibrary , as 
m en tioned , U ris L ib rary  fo r und erg rad ua tes, the  Physical Sciences 
L ib rary , the  M an n  L ib rary  of A g ricu ltu re  an d  H om e Econom ics, an d  
the lib raries of the  fo llow ing colleges an d  schools: A rch itec tu re  a n d  F ine 
A rts, Business an d  P ub lic  A d m in istra tio n , E ng ineering , H o te l A d m in­
is tra tion , In d u s tr ia l an d  L ab o r R elations, Law, M edicine (in N ew  York 
City), an d  V e terinary  M edicine. A dded  to  these are the  lib raries  of 
academ ic divisions an d  departm en ts, toge ther w ith  those of the A gri­
cu ltu ra l E x p erim en t S tation  a t G eneva, New York, an d  of the  C ornell 
A ero nau tica l L abo ra to ry  a t  Buffalo.
IN T E R N A T IO N A L  STUDIES PROGRAMS  
Center for International Studies
T h e  C en te r fo r In te rn a tio n a l S tudies has as its p rim ary  fu nc tio n  the 
co o rd in a tio n  an d  su p p o rt of the  in te rn a tio n a l activ ities of C ornell 
U niversity . In  ad d itio n  to  its ro le  as a lin k  betw een the  activities 
of the specialized program s, the  C en te r  endeavors to  s tim u la te  new 
research  an d  developm ent an d  to advise the  U niversity  on  co n tract 
com m itm ents sponsored by gov ernm en t o r p riva te  agencies. In  ad d itio n , 
th e  C en te r brings to  C ornell v isiting  faculty, postdo cto ra l research  
fellows, an d  d istingu ished  academ ic an d  professional p e rsonn el in  the 
area  o f in te rn a tio n a l affairs. T h e  C en te r fo r In te rn a tio n a l Studies 
has no faculty, students, o r cu rricu lu m  of its ow n. Its research  an d  
o th e r  program s d e p en d  u p o n  effective in te rac tio n  w ith  the  facu lty  of 
the  U n iversity ’s ex isting  schools, colleges, an d  d epartm en ts . T h e  of­
fices o f th e  C en ter are  located  in  R an d  H all.
T h e  s tu d en t in te rested  in  a  p a rtic u la r  fo reign  area  o r in  pa rtic ­
u la r  in te rn a tio n a l problem s w ill o ften  find th a t the  facu lty  of his 
ow n m a jo r d iscip line inc ludes specialists th a t p rov ide ap p ro p ria te  
in stru c tio n  an d  academ ic guidance. F or exam ple , courses in  the  fol­
low ing fields, am ong  others, are regu la rly  offered u n d e r  the re levan t 
dep artm en ts: com parative governm en t, in te rn a tio n a l re lations, in te r­
n a tio n a l law an d  o rgan ization , in te rn a tio n a l an d  com parativ e lab o r 
rela tio ns, in te rn a tio n a l econom ics an d  the  econom ics of developm ent, 
in te rn a tio n a l ag ricu ltu ra l developm ent, in te rn a tio n a l p o p u la tio n  p ro b ­
lems, an d  foreign languages an d  literatu res.
T h e  s tu d en t seeking specialized foreign area  know ledge m ay focus 
on  one  of the follow ing th ree m ajor, broadly-based, in te rd isc ip lin ary  
area program s: C h ina  P rogram , L a tin  A m erican  Studies, an d  S ou th­
east Asia P rogram . In  ad d itio n  to  these m a jo r area  program s, it  is pos­
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sible fo r the s tu d en t to  pursue  an  area in te rest in  A frican Studies, 
South Asia P rogram , o r Soviet Studies.
T h e  co n tin ued  grow th of these program s has been accom panied by 
the creation  of an  ou tstan d ing ly  com prehensive in fras tru c tu re  of staff, 
library , language facilities, an d  o th e r  necessary resources.
F u rth e r  in fo rm atio n  ab o u t the  C en te r m ay be o b ta ined  from  the 
D irector, 216 R an d  H all.
African Studies
AD VISORY FA C U LT Y  C O M M IT T E E  O N  A F R IC A N  ST U D IE S: 
W illiam  H . F ried land , C hairm an ; E qbal A hm ad, D ouglas Ashford, H a r­
old F eldm an, M ilton  Konvitz, C h an d le r M orse, S tephen  M uller, T hom as 
Polem an, V ictor T u rn e r , F rederick  T o m , M ary W ood.
C ornell U niversity  has substan tia l facilities fo r g rad u ate  study an d  
research on Africa. M any m em bers of the  faculty  in  a varie ty  of fields 
are qualified  by research experience in  A frica to provide in s tru c tion  o r 
gu id ance to studen ts  who wish to specialize in  some aspect of A frican 
studies, who p lan  to w ork there, o r w ho are in te rested  in  a genera l o r 
com parative know ledge of the area. In s tru c tio n  an d  tra in in g  in  gen­
eral linguistics are available for studen ts  expecting  to deal w ith  trib a l 
peoples, an d  special courses on  p a rtic u la r  A frican languages (e.g., Ibo, 
Y oruba) have been given in  recen t years. Courses are regu larly  offered 
on  the  cu ltu res and  social systems of A frica an d  on the  problem s of 
econom ic, political an d  social developm en t of the area. T h e  U n i­
versity lib raries  p rovide a good w ork ing co llection of books, docum ents, 
m aps, new spapers, an d  period icals on  A frica of sufficient scope to 
en ab le  s tuden ts an d  staff to carry on reg ional research. A rep resen ta tive  
g ro u p  of A frican studen ts  is a ttrac ted  to  C ornell each year, m ost of 
w hom  are  eager to  discuss A frican life an d  problem s w ith  in terested  
studen ts  from  o th e r  areas.
In q u iries  should  be d irec ted  to Professor W illiam  H . F ried land , 
C hairm an , C om m ittee on A frican Studies, Ives H all.
China Program
F A C U LT Y : K n ight Biggerstaff, N icholas C. B odm an, N ai-ruenn  C hen, 
C huen -tang  Chow, Jo h n  W . Lewis, T a-ch u n g  L iu, Jo h n  McCoy, D avid 
M ozingo, C harles A. Peterson, H a ro ld  Shadick, J u d ith  M. T rie stm an , 
A rth u r P. W olf, M artie  W . Young.
M aurice F reedm an, Professor of A n thropology  a t the  U niversity  of 
L ondon , will conduct a sem inar in the  fall semester.
T h e  C h in a  P rogram  provides com prehensive graduate-level tra in in g  
an d  sponsors a w ide range of research. T h e  faculty  rep resen t the follow­
ing fields: an thropology , econom ics, governm ent, history, history of 
art, linguistics an d  lite ra tu re .
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G rad u a te  studen ts  in  the p rogram  take a m a jo r in  one of the  fields 
listed above. T h ey  are expected  a t  an  early  stage to  a tta in  sufficient 
m astery of the  C hinese language to p e rm it use of C hinese sources in  
th e ir  courses an d  sem inars an d  in  th e ir  research.
T h e  focus of m uch of the  research an d  teach ing  in  the P rogram  is 
the  society, polity , econom y, cu ltu re , an d  arts  of m o d ern  an d  con­
tem porary  C hina. S tudents w ith  this co ncen tra tion  are  also expected  
to develop a genera l know ledge of trad itio n a l in s titu tio n s  an d  cu ltu re . 
S tuden ts m a jo rin g  in  h istory  co ncen tra te  on  m edieval o r m odern  
C hina; no  ch ronological lim its ap p ly  to those in  the  h isto ry  of art, 
linguistics, o r lite ra tu re .
Several C h ina  P rogram  fellow ships are offered each year to  first-year 
g rad u a te  studen ts. T h ey  o rd ina rily  carry stipends of $2,000 p lus tu itio n  
an d  fees. R esearch assistantships are  available from  tim e to  tim e. Lon- 
don-C ornell S tudentsh ips are open  to ad vanced Ph.D . cand ida tes  in  the 
social sciences an d  hum an itie s  who are in  the  C h ina  P rogram . T h ey  
are ten ab le  for study d u rin g  an  academ ic year a t the  L o nd o n  School 
of Econom ics an d  P o litical Science o r a t the  School of O rien ta l an d  
A frican  S tudies of the U n iversity  of L o nd o n . S tipends range u p  to 
$3,000 p lus a ir  fares an d  tu itio n  an d  fees.
L ondon-C orne ll F ield  R esearch G ran ts  are open  to Ph.D . candidates 
in  the  social sciences an d  hu m an itie s  who are  in  the  C h ina  P rogram . 
T h ey  are  ten ab le  for u p  to  22 m on ths fo r the pu rpo se  of d issertation  
research. L ondo n-C ornell F ield  R esearch gran tees m ay conduc t th e ir 
field w ork in  any p a rt of East Asia w here C hinese com m unities o r 
m ateria ls on  m odern  an d  co ntem p orary  C h ina  are accessible. S tipends 
range u p  to  $12,000 for twenty-two m onths, in c lu d in g  trave l an d  re ­
search expenses.
N a tio n a l D efense Foreign L anguage fellow ships an d  F oreig n  A rea 
T ra in in g  fellow ships are ten ab le  in  the P rogram . G rad u a te  studen ts  
m ay also ap p ly  fo r o th e r  assistantships, fellow ships, an d  scholarships 
offered by the  U n iversity  an d  by its departm en ts.
A d d itio n a l in fo rm atio n  on the P rogram  an d  the  various fellow ships 
a n d  aw ards m ay be o b ta in ed  by w ritin g  to  the D irector, C h ina  P ro ­
gram , 103 F ran k lin  H all.
International Agricultural 
Development Program
C ornell U niversity  provides unu su al scope an d  facilities for g raduate- 
level study an d  research co ncern ing  develop m ent of the  critical ag ri­
cu ltu ra l sector of newly develop ing  nations. A n in teg ra ted  p rogram  of 
research an d  g rad u a te  tra in in g  is available in  the  various biological, 
physical, an d  social sciences fields w hich are  re lev an t to  ag ricu ltu ra l 
developm ent. All fields of study in  the  New York State C ollege of 
A g ricu ltu re  a t  C ornell U niversity  have faculty m em bers w ith  in tensive 
foreign experience an d  have studen ts  tra in in g  for overseas work.
A s tu d en t p rep a rin g  for w ork in  In te rn a tio n a l A g ricu ltu ra l D evelop­
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m ent m ajors in  a specific Field. In  ad d itio n  to basic p rep a ra tio n  in  th a t 
F ield , he will m in o r in  the  F ield  of In te rn a tio n a l A g ricu ltu ra l D e­
velopm ent. T h e  s tu den t m ay follow  courses w hich he lp  h im  in  app ly ing  
his know ledge to the  special co nd itions of newly develop ing  nations, 
consu lt w ith  experienced  faculty m em bers in  reg a rd  to  such ap p lica­
tion , an d  pursue  a research p ro jec t for his d issertation  w hich is re lev an t 
to  the special problem s of newly develop ing  countries. In  m uch of this 
w ork the p rogram  in  ag ricu ltu re  draw s u p o n  the strong  in te rn a tio n a l 
program s in  o th e r  colleges of the  U niversity , in c lud in g  the  area  study 
program s an d  the varied  offerings in  m o d ern  languages.
Faculty  experience in  overseas w ork is co n tinuously  developed  th ro ug h  
w ork on College overseas program s, in d iv idu a l consu lting  assignm ents, 
an d  the  ongoing  research of faculty  m em bers an d  th e ir students. T h e  
en v iro nm en t fo r the  In te rn a tio n a l A g ricu ltu ra l D evelopm ent P ro ­
gram  is fu rth e r  en hanced  by m ore th an  250 foreign g rad u a te  s tuden ts 
m ajo ring  in  the various Fields rep resen ted  by the  C ollege of A gricu ltu re.
Sub stan tia l ex pansion  has recen tly  taken  place in  the in te rn a tio n a l 
program  of the  seven d ep artm en ts  — ag ricu ltu ra l econom ics, ed ucation , 
ru ra l sociology, agronom y, an im al science, p la n t b reed ing  an d  p la n t 
pathology. In  ad d itio n  to  m any reg u la r facu lty  m em bers w ith  extensive 
overseas experience, several m em bers of these d ep artm en ts  devote th em ­
selves fu ll tim e to research an d  teach ing  in  in te rn a tio n a l ag ricu ltu ra l 
developm ent; they have b u ilt special program s of research an d  con­
tin u in g  contact w ith  p a rtic u la r  geographic areas. T h e  d ep artm en ts  have 
a n u m b er of assistantships an d  teach ing  fellow ships designed to  finance 
g rad u a te  studen ts  w hile they w ork closely w ith  the  teach ing  an d  research 
program  in  in te rn a tio n a l ag ricu ltu ra l developm ent. D octoral cand ida tes  
in  these d ep artm en ts  who are in te rested  in  in te rn a tio n a l ag ricu ltu ra l 
develop m ent generally  do  field research in  newly develop ing  countries 
fo r th e ir  doctoral dissertations.
S im ilar ex pansion  of in te rn a tio n a l activities is u n d e r  way in  o th e r 
subject m a tte r  areas of the C ollege of A gricu ltu re. A t p resen t, m ost 
d epartm en ts  in  the College also have d e p artm en ta l assistantships and  
teaching fellow ships w hich are  open  to o u ts tan d in g  studen ts  in  those 
departm en ts.
A d d itio n a l in fo rm atio n  m ay be o b ta in ed  by w ritin g  to Professor 
K. L. T u rk , D irector, In te rn a tio n a l A g ricu ltu ra l D evelop m en t P ro ­
gram , R oberts  H a ll.
International Legal Studies
T h e  C ornell Law School offers a p rogram  of co n cen tra ted  study in 
the  in te rn a tio n a l legal held. T h e  fu ll p rogram  is o rd in a rily  p u rsued  
by LL.B . cand idates in  th e ir  second an d  th ird  years of reg u la r law 
study, b u t a ll courses in  the field are  o pen  to g rad u a te  studen ts  in  law. 
Some of these courses are offered by v isiting  faculty  m em bers who 
come to  the  Law School u n d e r its p rogram  fo r d istingu ished  foreign 
professors. A n u m b er of foreign scholars an d  studen ts  also com e to
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C ornell fo r research an d  study in  the com parative an d  in te rn a tio n a l 
law fields. O th e r activities o f the  In te rn a tio n a l Legal S tudies P rogram  
have inc luded  facu lty  sem inars in  com parative law, sum m er confer­
ences in  pub lic  in te rn a tio n a l law, an d  a p rog ram  of speakers an d  
sem inars op en  to  studen ts. In  ad d itio n , the  Law School sponsors 
a sm all n u m b er of fellow ships for foreign studen ts  to  pursue  g radu a te  
w ork in  law.
F o r m ore d e ta iled  in fo rm atio n , see the  cu rre n t A n n o u n cem en t o f the  
Law  School, the  cu rren t A n n u a l R ep o r t o f the  C enter fo r  In te rn a tio n a l 
S tudies, an d  the cu rren t issue of “In te rn a tio n a l S tudies a t C ornell 
U n iversity  — Courses of In s tru c tio n .” F u r th e r  in fo rm atio n  m ay be ob­
ta in ed  by w ritin g  to  Professor R o b e rt A. A rm strong, C h airm an , G rad ­
u a te  S tudy C om m ittee, the  C ornell Law  School, o r to  the  D irec tor, 
C en te r fo r In te rn a tio n a l Studies, 217 R an d  H all.
Latin American Program
FA C U LT Y : T o m  E. Davis, D irector; C harles A ckerm an, F rederick
B. A gard, Solon B arraclough, Jerom e S. B ernstein , D alai B renes, F ran k  
C ancian , M artin  D om inguez, M atthew  Drosdoff, C harles L. Eastlack, 
D o nald  K. F reeb airn , Rose K. G oldsen, R ich ard  G raham , E ldon  K en­
w orthy, H en ry  A. L andsberger, T h om as F. Lynch, R o b e rt E. M cD owell, 
Jam es O . M orris, T ho m as P olem an, B ern ard  R osen, D o n a ld  F. S o li, 
J .  M ayone Stycos, T eren ce  S. T u rn e r , W illiam  W . W hyte, F ran k  W . 
Young.
T h e  L a tin  A m erican S tudies P rogram  enables the g rad u ate  s tu d en t to  
develop specialized com petence in  the  history, cu ltu re , social o rgan i­
zation, an d  language of L a tin  A m erican countries. T h e  s tu d en t m a jo r­
ing  in  a re lev an t discip line can m in o r in  L a tin  A m erican  Studies.
In  ad d itio n  to  an  in te rd isc ip lin ary  sem inar, fo rty  courses direc tly  
p e rta in in g  to L a tin  A m erica are offered by the D epartm en ts  o f A gri­
cu ltu ra l Econom ics, A gronom y, A n im al Science, A n thropology , Eco­
nom ics, G overnm ent, H istory, H o usin g  an d  Design, In d u s tr ia l an d  
L abo r R elations, R om ance Studies, R u ra l Sociology, an d  Sociology. 
T h e  courses constitu te  the  basis fo r fo rm u la tin g  program s lead ing
to  a g rad u ate  m in or  in  L a tin  A m erican Studies. N orm ally , five or
six sem ester-long offerings satisfy the  fo rm al course requ irem en ts. In  
ad d itio n , the  degree cand id a te  m ino rin g  in  L a tin  A m erican  Studies
m ust ex h ib it proficiency in  read in g  an d  speaking e ith e r  S panish  o r
Portuguese.
A pplications for scholarships, fellowships, o r teach ing  fellow ships 
should  be m ade to  the  re lev an t departm en ts. F ord  F o u n d a tio n  su p p o rt 
fo r the  P rogram  enables the  U niversity  to  aw ard an n u a lly  ap p ro x i­
m ately  ten  fellow ships prov id ing  an  academ ic-year s tip en d  of $2,250 to  
su p p lem en t an  aw ard of tu itio n  an d  fees. T h e  ho lders of th e  fellow ­
ships are  designated  F ord  F o u n d a tio n  Fellows in  L a tin  A m erican 
Studies. S tudents m in o rin g  in  L a tin  A m erican S tudies also qualify  for 
T it le  VI N.D.E.A . M odern  L anguage fellow ships. A p p lica tio n  form s 
m ay be o b ta in ed  from  the  G rad u a te  School.
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Sum m er research travel g ran ts  are available to selected g radu a te  stu ­
den ts th rough  the L atin  A m erican Studies P rogram , an d  to u n d e rg rad u ­
ate  an d  g radu a te  studen ts  th rou g h  the  C ornell-B razil P roject.
S upport for thesis research in L a tin  A m erica may be o b ta in ed  from  
the Foreign A rea T ra in in g  Fellow ship P rogram , the  Social Science R e­
search C ouncil, Fulbright-H ays, the D oherty  F o u n datio n , the O rg an i­
zation o f A m erican States, an d  C ornell U niversity .
Because of the considerable volum e of research on L a tin  A m erica 
cu rren tly  being  carried  o u t by C ornell facu lty  m em bers, studen ts  will 
norm ally  be afforded the o p p o rtu n ity  of p a rtic ip a tin g  in  ongoing  
projects w hile in  residence an d  will generally  be expected  to do field 
work in  L a tin  Am erica a t some stage of th e ir  g rad u a te  tra in in g . M ajor 
research projects are u n d e r  way in  the  fields of A ndean  com m unity  
developm ent, com parative econom ic developm ent, fertility  an d  p o p u ­
la tio n , descrip tive linguistics, an d  u rban iza tio n .
A d d itiona l in fo rm atio n  m ay be o b ta in ed  by w riting  to  Professor T o m  
E. Davis, D irector, L a tin  A m erican P rogram , R a n d  H all.
Near Eastern Studies
AD VISORY FA C U LT Y  C O M M IT T E E  O N  N E A R  E A S T E R N  
STU D Y : Isaac R abinow itz, C hairm an ; J  M ilton  Cowan, A. H en ry  Det- 
weiler, A lfred E. Kahn.
S tudents w ishing to re la te  the  w ork of th e ir  m a jo r o r m ino r subjects 
to  N ear E astern  area o r language studies should  seek advice o r  in fo r­
m a tio n  from  the Faculty  C om m ittee on N ear E astern  Studies. In  a 
n u m b er of fields, the U n iversity ’s resources for specialized g rad u ate  
study an d  research on countries of the N ear East are of considerable 
value. M em bers of the C om m ittee can provide suggestions rega rd ing  
re lev an t courses in  various subjects, assistance in  p la n n in g  research 
on  the N ear East, an d  gu idance in  ap p ly in g  for area tra in in g  o r re ­
search fellow ships. In q u iries  should  be addressed to Professor Isaac 
R abinow itz, C hairm an , D ep artm en t of Sem itic Languages an d  L ite ra ­
tures, 173 G oldw in Sm ith H all.
South Asia Program
(B hutan , Ceylon, Ind ia , N epal, Pak istan , Sikkim)
STA FF: G era ld  Kelley, D irector; Messrs. L eon ard  P. Adam s, E qbal 
A hm ad, D ouglas E. Ashford, H aro ld  R . C apener, A rch T . D otson, 
G ordon  H . Fairbanks, H a ro ld  Feldm an, James G air, M ichael Hugo- 
B ru n t, K enneth  A. R . K ennedy, Jo h n  W . M ellor, S tanley J . O ’C onnor, 
M orris E. O p ler, R o b ert A. Poison.
T h e  increasing im portance  of the peoples of the In d ia n  su b co n tinen t 
an d  of the  ro le they play in w orld affairs enhances the need fo r p ro ­
vid ing  o p p o rtu n itie s  in  Am erica' for tra in in g  an d  research in  the field 
of Ind ie  studies. T h e  South Asia P rogram  a t C ornell, d ealing  p rim arily  
w ith  In d ia , Pak istan , Ceylon, an d  N epal, is o rgan ized an d  eq u ip p ed  to
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he lp  m eet th is need. Since 1948 it has sponsored a series of research  p ro ­
jects on  In d ia  an d  Ceylon, an d  it has tra in e d  a d is tingu ished  g ro up  of 
younger A m erican an d  South A sian scholars in  South A sian area  an d  
language studies. T h e  P rogram  facu lty  includes m em bers from  agri­
cu ltu ra l econom ics, an thro pology , governm en t, h istory  o f a rt, ch ild  
d evelop m ent an d  fam ily re la tionsh ips, business an d  p u b lic  ad m in is tra ­
tion, ru ra l sociology, in d u stria l an d  lab o r re la tions, city an d  reg ional 
p lan n in g , an d  languages an d  linguistics. Sanskrit, Pali, H in d i, U rdu , 
T e lu g u , an d  Sinhalese are languages regu larly  offered a t  C ornell. A r­
rangem en ts  m ay be m ade fo r the  in tensive study of o th e r South A sian 
languages a t sum m er institu tes  he ld  on  d ifferen t A m erican  university  
cam puses each year.
Q ualified g rad u a te  studen ts  in te rested  in  specializing in  the  study of 
South Asia m in o r in  Asian Studies w ith  co n cen tra tio n  on  South Asia, 
in  South A sian a r t history, o r in  South A sian linguistics. A dvanced 
degree req u irem en ts  for this m in o r are  rough ly  co m parab le in  term s 
of South A sian m aterials to  those for the  Southeast Asia co ncen tra tions 
g iven below. T h e  doctoral can d ida te  m ust have a read in g  know ledge of 
H in d i or, d ep end in g  u p o n  the  subarea o f his specialization, some o the r 
im p o rta n t language of South Asia.
R E S E A R C H  A N D  F IE L D  T R A IN IN G
T h e  doctoral dissertations of studen ts  in  th e  South Asia P rogram  are 
norm ally  based on research done in  In d ia , Pak istan , Ceylon, o r N epal. 
S tu d en ts’ field research m ay benefit from  advice an d  gu idance in  
the  field by a p rogram  staff m em ber. A t least one  m em ber of the  faculty 
of the  South Asia P rogram  has been in  Sou th  Asia fo r each of the  last 
several years. C ornell is a ch a rte r m em ber of the  A m erican In s titu te  of 
In d ia n  Studies, w hich was organized to facilita te  study an d  research  in  
In d ia  by A m erican advanced studen ts  an d  by facu lty  specializing in  
various aspects o f In d ia n  civ ilization an d  con tem p orary  affairs. T h e  
U niversity  also m a in ta ins d o se  links w ith  a n u m b er of research agen­
cies, program s, an d  in s titu tio n s  of h ig h er learn ing , such as the  Deccan 
College L inguistic  P rogram  an d  the D ep artm en t of L inguistics, D elhi 
U niversity . Staff m em bers of these in s titu tio n s  have prov id ed  va lu ­
ab le  assistance to C ornell studen ts  w ork ing  in  In d ia . T h e re  are 
o p p o rtu n itie s  for g rad u a te  studen ts to  becom e associated w ith  C ornell- 
sponsored research in  South Asia o r to  carry on in d e p e n d e n t research 
ab road . Every effort is m ade by the P rogram  staff to a id  qualified  
s tuden ts  to  o b ta in  financial su p p o rt fo r a field tra in in g  o r research 
p ro jec t in  one of the  countries of the area.
R esearch in terests u n d e r  the South Asia P rogram  are focused largely 
on  recen t o r co n tem p orary  developm enta l problem s of the  coun tries  of 
the area  — on changes tak ing  place in  the  econom ic, political, social, 
religious, artistic, an d  in te llec tua l life of the  region . A long-term  re­
search p ro jec t in  progress in  In d ia  is p rim arily  concerned  w ith  the 
ram ify ing  problem s of in tro d u c in g  technological changes an d  the  in ­
fluence of such changes w hen ad op ted . For this research  program , 
faculty  an d  s tuden ts  in  an th ro po logy  have carried  on, since 1949, an
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ex tended  an d  varied  series of ru ra l an d  u rb an  com m unity  studies in  
several d ifferen t regions of In d ia  from  the Deccan in to  the H im alayan  
foothills. A m ajo r re la ted  project, the C ornell In te rn a tio n a l A gri­
cu ltu ra l D evelopm ent P rogram , w hich is su pp o rted  by F ord  F o u n d atio n  
funds, is concerned w ith  the  developm ent of the en tire  ag ricu ltu ra l 
sector of the In d ia n  econom y. W ith  F ord  F o u n d a tio n  su pp o rt, C ornell 
is assisting D elhi U niversity  to becom e a m ajor cen ter in  the  field of 
linguistics. A t the same tim e, o th e r studies in  u rb an  renew al and  
reg ional p lan n in g , pu b lic  ad m in is tra tion , the  ro le of governm en t in  
cu ltu ra l change, an d  recen t m ovem ents in  the arts  an d  in  religions 
an d  ideologies are in  progress u n d e r faculty  d irec tion . C ornell is 
also m aking  a special study of the Sinhalese language an d  of lingu istic  
problem s of Ceylon, a n a tio n  so fa r m uch neglected by A m erican 
scholars. R esearch is also u n d e r way on O riya an d  T e lug u , im p o rta n t 
reg ional languages of In d ia . T h e  new n a tions of South Asia p resen t so 
m any problem s for study th a t the areas of in qu iry  open  to studen ts  
an d  staff m em bers are lim ited  only by av ailab ility  of research m eans.
F E L L O W SH IP S  A N D  A S SIST A N T SH IPS
Fellow ship an d  assistantship aw ards are available to  qualified  g radu ate  
s tudents m in o rin g  in  A sian Studies w ith  a co ncen tra tio n  on  South 
Asia. T h e  South Asia P rogram  fellow ships are open  to  incom ing g rad u ­
ate  s tuden ts  w ith  South Asia interests. S tipends range up  to $2,500 plus 
tu itio n  an d  fees an d  should  be ap p lied  for by w riting  to  the D irector, 
South Asia P rogram , 221 M orrill H all. S tudents in  the South Asia 
P rogram  are also elig ible for assistantships in  th e ir m a jo r discip line 
departm en ts, fo r fellow ships an d  scholarships offered by the C ornell 
G rad ua te  School, fo r N a tio n a l D efense Foreign L anguage fellowships, 
an d  for Foreign A rea T ra in in g  fellow ships. A d d ition a l in fo rm atio n  on 
financial aid  may be o b ta in ed  by w ritin g  to the  D irector, a t the address 
given above.
Southeast Asia Program
FA C U LTY : A rch T . D otson, Jo h n  M. Echols, F rank  H . Golay, A lex­
an d er B. Griswold, R o b ert B. Jones, Jr., G eorge M cT . K ahin , Stanley 
J . O ’C onnor, R o b ert A. Poison, L au ris to n  Sharp , Jam es T . Siegel, Jo h n  
U. W olff, O. W . W olters.
T h e  Southeast Asia P rogram  possesses su bstan tia l facilities fo r study 
an d  research on the  g rad u a te  level an d  provides ex ceptional o p p o r­
tun ities fo r general o r specialized w ork on all of Southeast Asia in  
various disciplines of the hum anities, social sciences, an d  some n a tu ra l 
sciences, as well as in  in te rd isc ip lin ary  area sem inars. In s tru c tio n  in 
the m ajo r languages of the area is an  in teg ra l p a rt  of the  g radu ate  
tra in in g  of the Southeast Asia P rogram . M uch basic an d  p ion eerin g  
research rem ains to  be don e in  this area, an d  the Southeast Asia 
P rogram  is organized an d  eq u ip p ed  to  he lp  m eet such needs.
Special in tensive in s truc tio n  in  S outheast A sian languages is avail­
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ab le d u rin g  sum m er sessions. E n te rin g  g rad u a te  s tuden ts  in te n d in g  
to  study o ne  of these languages are en couraged  to  begin  such study 
d u rin g  the sum m er preced ing  reg istra tion  in  the  G rad u a te  School. 
In q u irie s  should  be m ade as early  as possible to  the  D irec to r of the 
Southeast Asia P rogram .
S outheast Asia P rogram  fellow ships are available on  a  com petitive 
basis to  g rad u ate  students. T h ey  carry s tipends of u p  to  $3,200 plus 
tu itio n  an d  fees, an d  are available only  to  qualified  candidates for 
ad vanced degrees a t C ornell. C om pe tition  for these aw ards is open  to 
citizens of the  U n ited  States o r C anada, na tio na ls  of S outheast A sian 
countries, and , in  ex cep tional cases, na tio na ls  o f o th e r countries.
T h e  fellow ships are available to  ap p lican ts  w ho are  ab le to  dem o n­
stra te  a  serious scholarly in te rest in  Sou theast A sian studies; who 
show the  greatest prom ise of becom ing qualified  reg ion al ex perts  w ith  
specialization in  a re lev an t d iscip line of the h um anities, social sciences, 
o r certa in  n a tu ra l  sciences; an d  who are  ad m itted  to the  C ornell G rad ­
u a te  School fo r advanced w ork in  such a d iscip line. Previous experience 
in  Southeast Asia o r in  the study of th a t a rea  is n o t necessarily requ ired . 
I t  is im p o rta n t th a t the  ap p lican t be ab le  to  show th a t advanced w ork 
in  a m a jo r subject offered a t C ornell, com bined  w ith  w ork in  the 
Southeast Asia P rogram , will m ake his fu tu re  professional activities 
m ore effective; this req u irem en t is p a rticu la rly  im p o rta n t fo r a s tu den t 
in  the  n a tu ra l sciences.
Fellow ships are norm ally  aw arded  fo r one  academ ic year. If  the 
s tu d e n t’s w ork d u rin g  the  first year has been of h igh  caliber, re a p p o in t­
m en t is som etim es possible. In  such cases, fo rm al reap p lica tio n  is ex­
pected  from  the s tuden t. T h e  p rim ary  purpo se  of these aw ards is to 
encourage g rad u ate  studen ts to  acqu ire  a substan tia l know ledge of 
Southeast Asia w hile m a jo rin g  in  one of the  d iscip line Fields of the 
G rad u a te  School. Accordingly, they are usually  offered only  to  studen ts  
w ho take a m in o r in  A sian S tudies an d  p a rtic ip a te  fully  in  the Southeast 
Asia P rogram . T h e  rec ip ien t of a fellow ship m ay be asked to  devote 
u p  to six hours a week u n d e r  facu lty  supervision  to  w ork connected  
w ith  the  P rogram .
L ondon-C ornell S tudentsh ips are available fo r advanced  Ph.D . can d i­
dates in  the  social sciences an d  in  the hum an itie s  who have already  
h ad  a t least one  year of residen t study in  the  Southeast Asia P rogram . 
T hese  fellow ships are ten ab le  for study d u rin g  an  academ ic year at 
the School of Econom ics an d  P o litical Science o r the School of O r­
ien ta l an d  A frican S tudies in  the U niversity  of L on do n . S tipends 
range u p  to  $3,000 plus a ir  fares an d  tu itio n  an d  fees. L ondo n-C orne ll 
F ield  R esearch G ran ts  are o pen  to  Southeast Asia P rogram  Ph.D . 
candida tes in  the  social sciences an d  h um an itie s  a f te r  they have h ad  
ap p ro p ria te  tra in in g  a t C ornell, o r a t C ornell an d  L ondo n . T h ey  are 
ten ab le  for u p  to twenty-two m on ths fo r the  purpose of d issertation  
research. R ecip ien ts  of L ondo n-C orne ll F ield  R esearch G ran ts  m ay 
conduc t research in  any p a rt  of Southeast Asia. S tipends range u p  to 
$12,000 fo r twenty-two m on ths inc lu d ing  travel an d  research expenses.
C ornell-P h ilipp ines F ield  R esearch Fellow ships are available , u n d e r  
a g ra n t from  the R ockefeller F o u n d a tio n , fo r advanced  g rad u ate
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studen ts w ho p lan  to w rite  dissertations in  the social sciences o r the 
hum anities, based u p o n  field research in  the P h ilipp ines. Fellow ship 
su p p o rt is fo r ten  to fifteen m on ths in  the P h ilip p in es  an d  includes 
living costs, local tran spo rt, an d  ro u n d tr ip  tran sp o rta tio n  from  the 
U n ited  States for the g rad u ate  s tu d en t an d  d e p en d en t wife o r husband .
N a tio n a l D efense Foreign L anguage Fellowships, T it le  V I, a re  o£- 
fered  by the U n ited  States Office of E d uca tion  for study d u rin g  the 
academ ic year, the sum m er, o r both . A p p lica tio n  should  be m ade to 
Sage G rad u a te  C enter, C ornell U niversity. In fo rm atio n  ab o u t Foreign 
A rea T ra in in g  fellowships, ad m in istered  by the  Social Science R esearch 
C ouncil, m ay be o b ta in ed  by w riting  to  the Foreign A rea Fellowships 
P rogram , 444 M adison A venue, New York, New York 10022. G rad u ate  
s tuden ts  m ay also apply  for o th e r  fellowships, teach ing  fellow ships, 
assistantships, and  scholarships offered by the U niversity  an d  its d e­
partm ents.
A d d itiona l in fo rm atio n  on the  P rogram  an d  the various fellow ships 
an d  aw ards may be o b ta in ed  by w ritin g  to  the D irector, Southeast Asia 
P rogram , 108 F ran k lin  H all.
Soviet Studies
C O M M IT T E E  O N  S O V IE T  ST U D IE S: George G ib ian , C hairm an ; 
U rie  B ro n fen b ren n er, M. G a rd n er C lark, Jack  Fisher, W alte r Galen- 
son, R ichard  Leed, W a lte r  P in tn e r, M yron R ush, G eorge Staller.
O T H E R  FA C U LT Y  M EM B ER S IN  S O V IE T  ST U D IE S: P atric ia  
C arden , Frederick  Foos, A n to n ia  Glasse, M artin  H orw itz, A ugusta 
Jaryc, H u g h  O lm sted, N icholas T ro izk ij, M arla  W ykolf.
T h e  U niversity  offers a n u m b er of courses an d  sem inars on  the Soviet 
U n io n  as well as pre-1917 Russia. In stead  of a separa te  area program , 
g radu a te  studen ts have a choice of m ajors an d  m ino rs in  the  estab­
lished Fields of the G rad u a te  School. Some of the  subjects focus on 
area specialization: R ussian history, R ussian  lite ra tu re , Slavic lingu is­
tics. O th e r  subjects com bine area specialization w ith  a n o n area  fram e­
work: com parative governm ent, econom ic p lan n in g , reg ional p lan n in g , 
social psychology.
G rad u a te  studen ts  p u rsu ing  Soviet Studies in  any of these subjects 
are expected  to a tta in  proficiency in  the R ussian  language e ith er 
before en te rin g  the G rad ua te  School o r soon thereafter.
T h e  U n iversity ’s academ ic activities re la ted  to R ussia are coord inated  
by the C om m ittee on Soviet Studies. T h e  C om m ittee also sponsors a 
co lloquium  for faculty m em bers an d  g radu a te  studen ts in  Soviet S tud­
ies. In  the  Soviet Studies G rad u a te  S tudy in  the Jo h n  M. O lin  
L ibrary , m a jo r reference works an d  key cu rren t period icals from  and  
ab o u t the U.S.S.R. are  b ro u g h t together.
T h e  C om m ittee on Soviet S tudies selects a lim ited  n um b er of g rad ­
uate s tuden ts each year as research assistants. T h e  R ussian section of 
the  D ivision of M odern  L anguages an d  the D ep artm en t of R ussian 
L ite ra tu re  also a p p o in t several g rad u a te  s tuden ts an n ua lly  as teach ing
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fellows in  the R ussian language. For o th e r  teach ing  fellow ships, fellow ­
ships an d  scholarships, studen ts  app ly  direc tly  to  the G rad u a te  School o r 
to the d e p a rtm en t concerned. N.D.E.A . T it le  IV  an d  T it le  V I fellow ­
ships are available in  various subjects.
FACULTY SPECIALIZATIONS
e c o n o m i c s : M. G a rd n e r C lark, W a lte r  G alenson, G eorge J . S taller. 
h i s t o r y : W alte r M. P in tn er.
l a n g u a g e s  a n d  l i n g u i s t i c s : Frederick  Foos, R ich a rd  Leed, Mrs. 
A ugusta Jaryc, H u g h  O lm stead, M arla  W ykoff.
l i t e r a t u r e : Miss P a tric ia  C arden , G eorge G ib ian , Miss A n to n ia  
Glasse, M artin  H orw itz, H u g h  O lm stead. 
p o l i t i c a l  s c i e n c e : M yron R ush. 
p s y c h o l o g y : U rie  B ro n fen b ren n er. 
r e g i o n a l  a n d  c i t y  p l a n n i n g : Jack  C. Fisher.
In q u iries  ab o u t fellow ships an d  o th e r  aspects of Soviet S tudies should  
be addressed to Professor George G ib ian , C hairm an , C om m ittee on 
Soviet Studies, G o ldw in Sm ith H all.
O T H E R  PROGRAMS A ND CENTERS  
American Studies
C O M M IT T E E  O N  A M E R IC A N  ST U D IE S : D avid B. Davis, C h a ir­
m an; S tu a rt M. Brown, Jr., D ouglas E. Dowd, R o b ert H . Elias, A ndrew  
H acker, C lin to n  Rossiter, S. C ushing S trout, R o b in  M. W illiam s, J r .
A lth ough  there  is no  form al p rogram  lead ing  to  a degree in  A m erican 
Studies, candidates fo r the  doc to ra te  in  E nglish  an d  H isto ry  w ill find 
am ple o p p o rtu n ity  to do in te rd isc ip lin ary  w ork in  co n ju n c tio n  w ith  a 
m a jo r in  the  A m erican area  of th e ir  F ield. T h e re  are m em bers of the  
staff in  bo th  Fields w ho are  professionally  tra in e d  an d  cu rren tly  active 
in  the study of the in te rre la tio n sh ip s  of A m erican  in te llec tu a l, literary , 
an d  social history, so th a t a s tud en t co n cen tra ting  in  A m erican lite ra tu re  
o r A m erican history m ay take ad vantage of the  freedom  p e rm itted  by 
G rad u a te  School regu la tions and, in  co llabora tio n  w ith  his special 
com m ittee, read ily  b u ild  an  ind iv id u a l doc to ra l p rogram  th a t system­
atically em braces m ore th an  a single discipline. In q u irie s  concern ing  
o p p o rtu n itie s  in  th is area should  be addressed to  Professor D avid B. 
Davis, C hairm an , A m erican S tudies C om m ittee, W est Sibley H all.
Brookhaven National Laboratory
C ornell is one of n ine  eastern  un iversities p a rtic ip a tin g  in  Associated 
U niversities, Inc. (AU I). O p era tin g  u n d e r co n trac t w ith  the  A tom ic 
E nergy Com m ission, this co rp o ra tio n  has the  responsib ility  for the
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m anagem ent of B rookhaven N a tio na l L abora tory . T h e  labora to ry  p ro ­
vides u n u su a l research facilities for studies in  biology, chem istry, ap p lied  
m athem atics, m edicine, physics, high-energy partic le  physics, an d  reactor 
an d  nuc lear engineering.
G rad u a te  s tuden ts m ay p a rtic ip a te  in  research a t  B rookhaven by 
association w ith  C ornell staff m em bers w ho are engaged in  research a t 
the  laboratory . M em bers of a variety  of science departm en ts  a t C ornell 
are cu rren tly  involved in  program s at B rookhaven. T h e  lab ora to ry  also 
offers tem porary  sum m er ap p o in tm en ts  to a lim ited  n u m b er of selected 
g radu a te  an d  u n d erg rad u a te  studen ts  in  science o r engineering .
Center for Advancement of Education
T h e  C en te r for A dvancem ent of E duca tio n  rep resen ts the com m itm ent 
of the  to ta l U niversity  to  ed ucatio n al research an d  developm ent. M em ­
bers o f the C en ter are draw n from  various academ ic un its. P rojects are 
carried  o u t u n d er the  auspices of the  C enter; such projects m ay increase 
to  reflect the in terests of faculty m em bers. A t p resen t, research p ro ­
gram s in  language develop m ent an d  literacy, in  m athem atics, an d  
in  science ed ucatio n  are u n d e r  way. In  ad d itio n , a research program  
on  the ad m in is tra tio n  of h igher ed ucatio n  as well as on  the u n d e r­
g rad u a te  collegiate cu rricu lum  are  be ing  p lan ned .
T h e  C en te r  provides p redo cto ra l an d  postdoctoral tra in in g  th rou g h  
research assistantships, tra in in g  grants, an d  postdo ctoral fellow ships. 
For in fo rm atio n  w rite  to  the D irector, C en te r for A dvancem ent of 
E ducation , 320 W ait A venue.
Center for Aerial Photographic Studies
P ho tograph ic  in te rp re ta tio n  has ap p lica tio ns in  ag ricu ltu re , eng ineer­
ing, geology, an d  city an d  reg ional p lan n in g . T h e  C en te r fo r A erial 
P ho tograph ic  Studies offers a broad  p rogram  in  various scientific Helds 
for tra in in g  personnel in  aeria l p ho to g raph ic  in te rp re ta tio n . T h e  objec­
tives are, first, to  tra in  scientists who w ill be ab le to  use aeria l p h o to ­
graph s for surveys an d  p la n n in g  in  Helds w here they are  needed  and  
second, th rou g h  research to ex ten d  the use of ae ria l ph o to g raph s in to  
all fields w hich can be benefitted .
T h e  C en te r com prises a staff of educators, scientists, an d  technicians 
experienced  in  research an d  the ap p lica tio n  of aeria l ph o to g raph s to 
th e ir  respective fields. T h e  program  consists of p rim ary  courses in  in te r­
p re ta tio n  of aeria l pho tographs, m ap  rep ro d u c tio n , pho togram m etry , 
ca rto graphy  an d  m ap  projections, together w ith  specialized study in  a 
p a rtic u la r  field of the  can d id a te ’s choice, such as ag ricu ltu ra l develop­
m ent, n a tio n a l resource explorations, city p lan n in g , o r en g ineering  
pro jec t p lan n in g .
For m ore in fo rm atio n , w rite  to Professor D onald  J. Belcher, D irector, 
C en te r fo r A erial P ho to g raph ic  Studies, H o lliste r H all.
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Center for Housing and Environmental Studies
T h e  purposes o f the  C en te r fo r H o using  an d  E nv iron m en ta l Studies 
are  to aid  an d  gu ide basic research in  the  field of m a n ’s shelter and  
en v iro n m en t, to  facilita te  g rad u a te  study, an d  to aid  the  flow of in fo r­
m a tio n  am ong colleges an d  d ep artm en ts  an d  betw een the  U niversity  
an d  sources of in fo rm atio n  off cam pus. A sm all cen tra l staff assists in  the 
in itia tio n  an d  conduc t o f projects.
T h e  facilities of the  C en ter fo r H o using  an d  E n v iro nm en ta l Studies 
are  available to  facu lty  m em bers an d  g rad u a te  s tuden ts  in  a ll Fields. 
T h ro u g h  the  C enter, studen ts  w ho cu t across trad itio n a l lines of research 
m ay draw  u p o n  the know ledge an d  ex perience of specialists in  such 
various subject areas as design, m aterials, eq u ip m en t, s tru c tu ra l m ethods, 
en v iro nm en t, fam ily living, econom ics an d  finance, governm en t, an d  
health . T h e  D irec to r of the  C en te r is Professor G len n  H . Beyer, W est 
Sibley H all.
T h e re  are  two divisions in  the  C enter, one  focusing o n  u rb a n  an d  
the  o th e r  on  reg io n al problem s. T h e  D ivision of U rb a n  S tudies is u n d e r  
the  d irec tion  of Professor Barclay G. Jones, Associate D irec to r o f the 
C en ter, W est Sibley H a ll; an d  the  D ivision of R egion al S tudies is u n d e r 
the  d irec tion  of Professor Jack  C. Fisher, A ssistant D irec to r of the 
C en ter, W est Sibley H a ll.
Center for Radiophysics and Space Research
T h e  C en te r  fo r R adiophysics an d  Space R esearch u n ite s  research  an d  
g rad u a te  ed ucatio n  carried  on  by several academ ic d ep artm en ts  in 
the space sciences. I t  furnishes ad m in istra tive  su p p o rt an d  provides 
facilities for facu lty  m em bers an d  g rad u a te  assistants w ho are engaged 
in  space research activities, an d  it offers o p p o rtu n ity  for g rad u a te  s tu ­
den ts  to u n d ertak e  thesis w ork lead ing  to the  degrees o f M aster of 
Science an d  D octor of Philosophy. A s tu d e n t’s m a jo r professor can be 
chosen from  the follow ing Fields in  the  G rad u a te  School: A erospace 
E ng ineering , A p p lied  Physics, A stronom y an d  Space Sciences, E lectrical 
E ng ineering , Physics.
T hesis  research  in  the  follow ing areas is now  possible:
(a) A stronom y an d  Astrophysics. A stronom ical aspects of cosmic rays, 
gam m a-rad ia tion , x  rays, neu trinos; cosmology; ex p erim en ta l studies 
an d  theory  re la tin g  to the  surface o f the m oon an d  the  p lanets; p roc­
esses in  the in te rs te lla r gas; solar-system m agnetohydrodynam ics; ste llar 
statistics; theory  of ste llar s tru ctu re , ste llar evo lu tion , nu c lea r processes 
in  stars.
(b) A tm ospheric an d  Ionospheric  R ad io  Investigations. D ynam ics of 
th e  atm osphere; incoh eren t e lectron  scattering; study of refrac tion , scat­
tering , a tte n u a tio n  due  to the inhom ogeneous n a tu re  of the  trop osp here  
an d  ionosphere; theory  an d  observation  of p ro p a g a tio n  of rad io  waves 
in  ionized m ed ia  such as the  ionosphere.
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(c) R ad a r an d  R ad io  A stronom y. D istrib u tio n  an d  classification of 
rad io  sources; rad a r investigations of the  m oon an d  p lanets; solar rad io  
observations; studies of gaseous nebulae .
(d) Space Vehicle In s tru m en ta tio n . In s tru m en ta tio n  re la tin g  to lu n a r  
ex p lo ra tio n ; m agnetic  field m easurem ents; ten uous gas an d  partic le  
flux m easurem ents; in fra red  observations from  rockets.
T h e  facilities of the C en te r inc lude  the lu n a r  surface an d  electronics 
lab ora to ry  on the C ornell cam pus, the rad io  astronom y an d  ionospheric 
lab ora to ries  close to Ithaca, an d  the  A recibo Ionospheric  O bservatory 
in  P uerto  Rico. A t A recibo an  ex trem ely  sensitive rad io  telescope an d  
an  unu su ally  pow erful space ra d a r  are  availab le  for use by qualified  
g radu a te  students. In  ad d itio n , ce rta in  facilities of Sydney U niversity, 
A ustralia , are  available th ro ug h  the  Cornell-Sydney U niversity  A stron­
om y C en ter (see below).
Cornell-Sydney University Astronomy Center
T h e  C en te r is an  in ter-U niversity  o rgan ization  designed to crea te a 
larger pool of facilities an d  skills for research in  astronom y an d  re la ted  
fields than  w ould  be separately  available to  e ith er university . G rad u ­
a te  s tuden ts can be in te rchang ed  betw een the  two in s titu tio n s  w hen­
ever ap p ro p ria te  fo r the research w ork in  w hich they are engaged. 
Both universities recognize research supervision ex ten ded  by the sister 
university , an d  the tim e spen t by a s tu d en t on  thesis w ork in  the sister 
university  can be accepted tow ard  residence requ irem en ts w ith  the 
proviso th a t the ap proval of the hom e research supervisor is given and  
also th a t the hom e university  bylaws are n o t contravened.
T h e  facilities available th roug h  the C enter, in ad d itio n  to those of 
C o rn e ll’s C en ter fo r R adiophysics an d  Space Research, are  the  one-m ile 
by one-m ile M ills Cross s itu ated  a t H oskinstow n, N ew  South W ales; the 
stellar in tensity  in te rfe ro m eter s itu ated  a t N a rrab ri, New South W ales; 
the Criss-Cross, the  Shain Cross, an d  M ills Cross s itua ted  a t Fleurs, New 
South W ales; the W ills Plasm a Physics D epartm en t, the Basser C om ­
p u tin g  D epartm en t, the F alkner N u clear D epartm en t, an d  the facilities 
of the cosmic ray g ro up  a t the U niversity  of Sydney. T h e  C en ter includes 
H . Messel, R . H an b u ry  Brown, W . N. C hristiansen , C. B. A. M cCusker, 
an d  B. Y. M ills from  the U niversity  of Sydney faculty.
F u rth e r  in fo rm atio n  can be o b ta in ed  from  Professor T . G old , Jo in t 
D irector, C ornell-Sydney U niversity  A stronom y C enter, Space Science 
B uild ing .
Division of Biological Sciences
T h e  D ivision of B iological Sciences was established in  1964 to  b rin g  
to ge th er in to  a single ad m in istra tive  u n it  a n u m b er of investigators 
an d  teachers rep resen tin g  a broad  spectrum  of interests in  basic biology. 
Its  m em bers ho ld  ap p o in tm en ts  in  one o r m ore of fou r schools an d  
colleges b u t serve the U niversity  as a w hole th ro ug h  the  D ivision. T h e
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D ivision is responsib le for all the u n d erg rad u a te  teach ing  of biology, 
in c lud in g  the  estab lishm ent of req u irem en ts  for the  m a jo r in  its various 
branches. I t  also has the  p rim ary  responsib ility  fo r the p rom o tio n  of 
research in  basic biology, an d  its m em bers engage in  g rad u a te  teach ing  
th rou g h  p a rtic ip a tio n  in  ap p ro p ria te  Fields in  the G rad u a te  School 
Faculty. A t p resen t the  follow ing subjec t areas are rep resen ted  by sepa­
ra te  sections of the D ivision: biochem istry an d  m olecu la r biology; 
ecology an d  systematics; genetics, developm ent, an d  physiology; m icro­
biology; an d  neurobiology an d  behavior. A n u m b er of g rad u a te  fellow­
ships, teach ing  fe.llowships, research assistantships, an d  tra ineesh ips are 
availab le  th ro ug h  the D ivision. For fu r th e r  in fo rm atio n , con tac t Dr. 
R o b e rt M orison, 201 R oberts  H all.
Materials Science Center
T h e  M aterials Science C en ter (MSC) a t  C ornell is an  in te rd isc ip linary  
lab ora to ry  crea ted  to p rom o te  research an d  g rad u a te  s tu d en t tra in in g  
in  all phases of the science of m aterials. T h e  subjects of study rep re ­
sen ted  in  the  MSC p rogram  are ap p lied  physics, chem istry, electrical 
eng ineering , m aterials eng ineering , m aterials science, m etallu rgy , an d  
physics.
T h e  ex ten t of the benefits a g rad u a te  s tu den t m ay derive from  the 
MSC program  depend s on the  ac tual research  he pursues. If  the  stu ­
d e n t chooses to  follow  the  m ore co nven tional course of becom ing a 
specialist in  one specific area, the  MSC p rogram  could  he lp  h im  by 
p rov id ing  new eq u ip m en t, financial assistance th ro u g h  research  as­
sistantships, or, in  some cases, the he lp  of a technician  to carry o u t 
ro u tin e  m easurem ents.
If  the s tu d en t wishes to  follow a p rogram  of considerably  m ore 
b read th  th a n  usual in  h is research  tra in in g , the MSC p rogram  provides 
an  ad d itio n a l advantage. Several cen tra l facilities have been set u p  
w here m ore specialized ap p ara tu s  such as crystal-grow ing furnaces, high- 
pressure eq u ipm en t, x  ray  an d  m e tallograp hy  eq u ip m en t, e lec tron  
microscopes, etc., are available to all MSC m em bers an d  th e ir  students. 
In  ad d itio n  to  the eq u ip m en t, ex p ert advice on its use an d  the  in te r­
p re ta tio n  of the  results w ill be available. In  these cen tra l facilities, it 
is expected  th a t the  s tu den t will com e in  co n tact w ith  s tuden ts  from  
o th e r  disciplines, resu lting  in  a m u tu a lly  p ro fitab le  in te rac tion .
T h e  office of the D irec to r of the M ateria ls Science C en ter, Professor 
H e n ri Sack, is in  R oom  627, C lark  H all.
Military Science, Naval Science, and 
Aerospace Studies 
(ROTC, NRO TC, and AFROTC)
T h e  ad vanced course in  m ilita ry  science (Army R O T C ), naval science 
(N aval R O T C ), an d  aerospace studies (A ir Force R O T C ) is open  to
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g rad u ate  studen ts  who have satisfactorily com pleted  a basic course 
in  R O T C  o r who en ro ll in a two-year R O T C  program . Successful 
com pletion  of the two-year advanced R O T C  course will qualify  a 
g rad u ate  s tu den t for ap p o in tm e n t as a Second L ieu te n an t in the U.S. 
Army, A ir Force, o r M arine  C orps Reserve; o r Ensign, U . S. N aval 
Reserve; o r as Second L ieu te n an t in  the R eg u la r Arm y o r  A ir Force. 
In terested  g rad u a te  studen ts should  consu lt the A n n o u n cem en t o f O f­
ficer E duca tion  an d  apply  to  the Professor of M ilitary  Science, the P ro ­
fessor of N aval Science, o r the Professor of A erospace S tudies (R O T C ), 
B arton  H all.
Statistics Center
T h e  m ethods o f statistics find im p o rta n t app licatio ns in  m any diverse 
fields of research. I t is therefo re necessary th a t (1) subject m a tte r spe­
cialists be able to  o b ta in  assistance in  using o r develop ing  statistical 
theory, (2) studen ts  w ho in te n d  to do research w ork in a p a rticu la r field 
w hich m akes extensive use of statistical m ethods receive ad equ a te  tra in ­
ing  in  statistics, an d  (3) ind iv iduals  be tra in ed  as statisticians.
T h e  staff m em bers of the various schools an d  colleges of C ornell U n i­
versity w ho are in terested  in  the develop m ent an d  ap p lica tio n  of statis­
tical m ethods are associated w ith  the C ornell Statistics C enter. A m ajor 
responsib ility  of the  C en te r is to  p rov id e a focal p o in t to w hich in ­
dividuals, projects, an d  dep artm en ts  m ay come to receive assistance 
an d  gu idance w ith  respect to  the statistical aspects of research an d  tra in ­
ing  program s.
T h e  A cting D irec tor of the C en te r is Professor P h ilip  J . M cCarthy, 
Ives H all.
Water Resources Center
T h e  C en te r is an  in terd isc ip linary  o rgan ization  serving the  en tire  U n i­
versity a t the g rad u a te  study an d  research level. I t  purpose is to p rom ote 
an d  co ord inate  a com prehensive p rogram  in  w ater resources p lann ing , 
developm ent, and  m anagem en t in such areas as the sciences, en g in ee r­
ing, ag ricu ltu re, law, econom ics, governm ent, reg ion al p lan n in g , an d  
pu b lic  health .
Its  responsib ilities are to  u n d ertak e  w ater resources research in  eng i­
neering, in  the physical, biological, an d  social sciences, an d  in  the 
hum anities; to  encourage an d  co n trib u te  to  g rad u a te  studies in  w ater 
resources; to co ord inate  research an d  tra in in g  activities in areas con­
cerned  w ith  w ater resources; to encourage new co m binations of dis­
cip lines in  research an d  tra in in g  w hich can be b ro u g h t to  bear on  
w ater resources problem s; to d issem inate the results of research; an d  to 
develop an d  o p era te  cen tra l facilities w hich m ay be needed  to  serve 
p a rtic ip an ts  in  research an d  tra in ing .
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C orrespondence concern ing  the C en te r should  be d irec ted  to  P ro ­
fessor L. B. Dworsky, D irector, W ate r Resources C en ter, H o llis te r H all.
C orrespondence re la ted  to g rad u a te  study in  the F ield  of W ate r  
R esources should  be d irec ted  to  the F ield  R epresen ta tive , Professor
C. D. Gates, H o lliste r H all.
SPECIAL FACILITIES AND  
SERVICE ORGANIZATIONS  
Cornell Aeronautical Laboratory
T h e  L abora tory , a separa te  co rpo ra tion  w holly ow ned by C ornell U n i­
versity, is in  Buffalo, N ew  York. A p p lied  an d  fu n d am en ta l research  in  
the  ae ro nau tica l sciences an d  allied  areas is conduc ted  in  th is com ­
p le te ly  eq u ip p ed  labora to ry  u n d e r contracts m ain ly  w ith  gov ernm en t 
a n d  industry . Close relationsh ips, b o th  research  an d  educatio nal, are 
m a in ta in ed  w ith  the  cam pus in  Ithaca.
New York State Agricultural Experiment Station 
at Geneva
T h e  N ew  York State A g ricu ltu ral E x p erim en t S tation  was established 
in  1880 to  p rom o te  ag ricu ltu re  th rou g h  scientific investigations an d  
ex p erim en ta tio n . I t  is located  a t G eneva, fifty m iles from  Ithaca , an d  
has been u n d e r  the ad m in is tra tio n  of C ornell U niversity  since 1923.
Professors on  the G eneva staff are e lig ib le to serve as m em bers of the 
Special C om m ittees of g radu a te  s tuden ts a long  w ith  professors on  the 
Ithaca  cam pus of the  U niversity . N orm ally  the  g rad u a te  tra in in g  p ro ­
vided a t G eneva consists of research experience an d  supervision  of the 
s tu d en t’s w ork on  a thesis prob lem . T h e  form al course w ork p a r t  of 
the  s tu d e n t’s tra in in g  p rogram  is given on  the  Ithaca  cam pus. S tudents 
w ho p la n  to do p a rt of th e ir  g rad u a te  w ork a t G eneva shou ld  cor­
respond  w ith  th e ir  m ajo r advisers o r w ith  the  D ean  of the  G rad u ate  
School co ncern ing  regu la tions as to  residence, Special C om m ittees, etc.
T h e  S tation  is eq u ip p ed  to  care for g rad u a te  s tuden ts  in  ce rta in  
specific lines of research, viz., bacteriology, chem istry, econom ic en to ­
m ology, food technology, p la n t pathology, pom ology, seed investiga­
tions, an d  vegetab le crops. A m ple facilities are availab le  for g rad u a te  
research  u n d e r  labora tory , g reenhouse, p ilo t p la n t, insectary, o rchard , 
an d  o th e r  field conditions.
C erta in  phases of the  investigations now  be ing  conduc ted  a t the 
S tation  an d  o th e r  problem s for w hich the  facilities of the  S tation  are 
su itab le  m ay be used as thesis problem s by g rad u ate  studen ts.
T h e  D irec to r is Professor D. W . B arton , w ho m ay be addressed a t  the 
N ew  York State A g ricu ltu ra l E x perim en t S tation , G eneva.
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Office of Computer Services
T h e  p rin c ip a l com puting  facility  a t C ornell is an  IBM  360 M odel 65 
located a t L ang m uir L abo ra to ry  a t  the C ornell R esearch Park . T h e  
system is eq u ip p ed  for rem ote access of several k inds, an d  the  o p e ra tin g  
system is designed so th a t very few users find it  necessary to visit 
L angm uir. T h e  p rim ary  term inals are high-speed read er-p rin ters  lo­
cated in  U pson, C lark , an d  W arren  H alls. W hile  these are rem ote 
job-en try  an d  delivery devices ra th e r  th a n  conversational term inals, 
they pe rm it conven ien t access, jo b  tu rn a ro u n d -tim e  in term s of m inutes, 
a n d  the  use of on-line files. Each of these term ina ls  is the  core of a 
sm all co m p u tin g  center, w ith  aux iliary  eq u ip m en t, consu lting  assist­
ance, reference m aterial, an d  w ork space. In  ad d itio n  to  these h igh­
speed term inals, te le typew riter term inals are  available to in d iv idu a l 
pro jec ts th a t req u ire  in te rac tive  capability .
T w o  IBM  1800 com puters th a t co n tro l various real-tim e labora to ry  
devices are also linked  direc tly  to the 360/65. T hese m achines p rovide 
g raph ica l in p u t-o u tp u t capability  an d  an  analog-digita l in terface.
T h is  co m puting  system is busy b u t no t sa tu ra ted , an d  use by 
g rad u a te  studen ts  is encouraged.
T h e  Office of C om pu ter Services is responsib le for the op era tio n  of 
this system an d  for the provision of co nsu lting  an d  program m ing  as­
sistance. T h e  Office cooperates w ith  the D ep artm en t of C om pu ter 
Science in  p rov id ing  courses in  p rogram m ing  an d  co m pu ting  tech­
n iques. B oth organizations em ploy a n u m b er of g rad u a te  studen ts  on  
assistantships an d  part-tim e ap p o in tm en ts  fo r th is work.
For fu r th e r  in fo rm atio n  w rite  to the  Office of C o m p u ter Services, 
L an gm u ir L aboratory .
Photo Science Studios
T h e  U niversity  owns an d  opera tes the P ho to  Science Studios, w hich 
crea te o r cooperate  in  the crea tion  of pho to g raph ic  studies an d  visual 
aids of a ll kinds.
T h e  ex tension services of the  N ew  York State Colleges, w hich form  
in teg ra l pa rts  of the  U niversity , d issem inate know ledge th roug h  an 
in tensive p rogram  of p ub lica tio n , pho tography , an d  reco rd ing  super­
vised by professional staffs. M aterials p rodu ced  by g rad u a te  studen ts 
m ay find ou tle ts  th ro ug h  these channels.
University Press
C ornell U niversity  Press, fou nd ed  by A ndrew  D. W h ite  in  1869, was the 
first university  press in A m erica an d  is am ong the  leaders in  nu m ber 
of volum es pub lished  annually . T h e  Press publishes scholarly books 
on nearly  every academ ic subject, serious nonfiction  of genera l in terest, 
an d  advanced o r ex p erim en ta l tex tbooks for use in universities. T h e  
im p rin t of Com stock P ub lish in g  Associates, a d ivision of the  Press, is
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p laced on  certa in  books in  th e  biological sciences. T h e  Press also p u b ­
lishes a d is tingu ished  p a p erb o u n d  series, C ornell Paperbacks.
Other Research Units
Some o th e r  research un its  a llied  w ith  the  U niversity , e ith e r  as wholly 
ow ned an d  op era ted  divisions o r as w holly o r pa rtia lly  au tonom o us 
organ izations w ith  w hich the  U niversity  has a w ork ing agreem ent, are 
th e  Sloan-K ettering  C ancer R esearch In s titu te  in  N ew  Y ork City, 
th ro ug h  the  G rad u a te  School of M edical Sciences, an d  the  V eterinary  
V irus R esearch In s titu te  in  Ithaca.
C ornell is also one of fou rteen  fo un d ing  m em bers of the U niversity  
C o rp o ra tio n  fo r A tm ospheric R esearch w hich, u n d e r  N a tio n a l Science 
F o u n d a tio n  su pp o rt, opera tes the N a tion a l C en te r fo r A tm ospheric 
R esearch a t  B oulder, C olorado.
In  ad d ition , o p p o rtu n itie s  fo r form al study, field w ork, an d  in d e ­
p e n d en t research by C ornell g radu a te  studen ts  are  availab le  in  m any 
institu tion s, laboratories, an d  lib raries  b o th  in  the U n ited  States an d  
in  o th e r  countries. For exam ple, the  C ornell-H arv ard  A rchaelogical 
E x p lo ra tio n  a t Sardis, T u rk ey , and  the  M useum  of N o rth e rn  A rizona 
a t  Flagstaff, A rizona, b o th  p rov ide o p p o rtu n itie s  fo r field research 
re la ted  to  doctoral w ork of C ornell g rad u a te  studen ts. In fo rm atio n  on 
th a t k in d  of a rran g em en t is available direc tly  from  th e  F ield  R ep ­
resentatives.
G RADUATE SCHOOL OF MEDICAL SCIENCES
T h e  o p p o rtu n ity  for g rad u ate  w ork lead ing  to  advanced genera l degrees 
was first offered in  the M edical C ollege in  1912 in  co opera tio n  w ith  
the  G rad ua te  School of C ornell U niversity . In  Ju n e  1950, the  trustees 
of C ornell U niversity  en te red  in to  an  ag reem ent w ith  the  Sloan-K et­
te rin g  In s titu te  for C ancer R esearch w hereby a new  division of the 
M edical College, nam ely, the  S loan-K ettering  D ivision , was created  for 
the purpose of offering ad d itio n a l o p p o rtu n itie s  fo r g rad u a te  study 
tow ard  advanced degrees, th us  ex ten d in g  the  areas of the  basic sciences.
T h a t  ex pansion  of the  N ew  York C ity com po nen t o f the  G rad u a te  
School resu lted  in  the  estab lishm ent in  Jan u a ry , 1952, of the  G rad u a te  
School of M edical Sciences which, w ith  the  ap p ro v al of the faculty  of 
the G rad ua te  School of C ornell U niversity , was given the fu ll responsi­
b ility  for ad m in istra tive m atters re la ted  to  the  advanced  general 
degrees g ran ted  for study in  residence a t  the  N ew  Y ork C ity cam pus of 
C ornell U niversity .
D EG R EES. T h e  genera l degrees of Ph.D . an d  M.S. are  aw arded  for 
advanced study and  scholarly, in d e p en d en t research in  the  fields of 
anatom y, biochem istry, b iom athem atics, biophysics, biostatistics, cell 
biology, genetics, m icrobiology, neurobio logy  an d  behavio r, p h a rm a­
cology, an d  physiology.
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F A C IL IT IE S . T h e  facilities fo r g rad u a te  w ork a t the  G rad u ate  School 
of M edical Sciences inc lude those of the M edical College an d  of the 
S loan-K ettering  Division. T h e  five bu ild ings of the M edical College, 
ex ten d in g  along  York A venue from  68th to  70th S treet in  N ew  York 
City, co n ta in  the lec ture room s, s tu d en t laboratories, library , and  
research facilities for g rad u a te  an d  u n d erg rad u a te  work. T h e  Sloan- 
K ettering  D ivision is located in  the S loan-K ettering  In s titu te  an d  the 
K ettering  L abora to ry  on East 68th Street in  New York City, an d  in  the 
W alker L abora to ry  in  Rye, New York. T h e  special facilities an d  ex­
perienced  investigators of the S loan-K ettering  D ivision offer am ple 
o p p o rtu n ity  fo r advanced g rad u a te  w ork in  the  basic science aspects 
of research re la ted  to cancer an d  allied  diseases.
F IN A N C IA L  ASSISTA NCE. P redoctoral fellow ships are available to 
qualified  applican ts. T h e  fellow ships may be renew ed yearly prov id ing  
the academ ic perform ance of the fellow ship holders is satisfactory. 
T each in g  fellow ships an d  research assistantships are available to  q u a li­
fied g rad u ate  s tuden ts in  some d epartm en ts  of the  M edical College. In  
ad d ition  to  a stipend , the costs of tu itio n  an d  fees are  defrayed for those 
studen ts receiving financial assistance.
F U R T H E R  IN F O R M A T IO N . In fo rm atio n  on financial assistance an d  
the en tire  program  of the G rad u a te  School of M edical Sciences is p ro ­
vided in  the A n n o u n cem en t o f the G raduate School o f M edica l Sciences. 
R equests for th a t A n no un cem en t should  be addressed to  the  G rad ua te  
School of M edical Sciences, C ornell U niversity  M edical College, 1300 
York A venue, N ew  York 10021.
FIELDS OF IN S T R U C T IO N
R E P R E S E N T A T IV E S . Since in s truc tio n  in  the G rad u a te  School is 
p rim arily  ind iv idual, those in te rested  in  becom ing studen ts  are  en cou r­
aged to  com m unicate w ith  in d iv id ual m em bers of the  facu lty  w ith  w hom  
they m ay w an t to study. Personal interview s in  advance of fo rm al a p p li­
cation  for adm ission are especially encouraged. For the benefit of those 
w ho are n o t acq ua in ted  w ith  ap p ro p ria te  m em bers in  th e  F ie ld  o r 
F ields of th e ir  in terest, each F ield  has selected a represen ta tive , as 
d irec to r of g rad u ate  studies, to  w hom  inqu iries  m ay be addressed.
Faculty: Peter L. Auer, P. C. Tobias de Boer, A lbert R. George, Geoffrey S. S. 
Ludford, Edwin L. Resler, Jr., W illiam  R. Sears, A. R ichard  Seebass, Shan-fu 
Shen, Donald L. T urcotte.
Field Representative: A. R ichard  Seebass, 294 G rum m an H all.
T h e  requirem ent for admission in this Field is a Bachelor’s degree in 
engineering or the physical sciences. It is not recom m ended th a t candidates 
apply for admission at m idyear, except in  unusual cases.
T he language requirem ent for the Ph.D. is one language in addition  to the 
candidate’s native language: either French, Russian, o r G erm an at the level 
of the ETS Language Exam ination, or English.
In  this Field of graduate study emphasis is placed on the aerospace sciences 
ra th er th an  proficiency in  present-day techniques. Consequently, graduate 
students having aerospace engineering as their m ajor subject will be urged to 
select as their m inor subjects the basic sciences, such as chemistry, m athe­
matics, mechanics, and physics. T here are several special fellowship awards 
supported by the Cornell Aeronautical L aboratory available to students in 
this Field.
M uch of the research carried out in  this Field at Cornell is concerned w ith 
fundam ental problems in the dynamics of fluids, including plasmas and 
chemical reactions at high tem perature. W henever possible, these investiga­
tions combine the techniques of theory and laboratory experim ent, m aking 
use of the experim ental facilities of the G raduate School of Aerospace Engi­
neering on the campus. In every investigation, an attem pt is m ade to correlate 
theory w ith observation and practical experience.
A group working under the direction of Professors de Boer and Resler is 
investigating the dynamics of gases at extrem e tem peratures. Generally speak­
ing, their interests lie in m atters in which the sciences of physics and chemistry 
are finding application to the aerodynamics of propulsion systems and to 
flight of missiles and space vehicles.
T h e  branch of fluid mechanics called m agnetohydrodynam ics now forms 
an essential p art of the activities of the G raduate School of Aerospace Engi­
neering; Professors Resler, Sears, and T urcotte  are engaged in this research, 
both  in  theory and in the laboratory. Professor Ludford of the D epartm ent 
of T heoretical and  A pplied Mechanics is exploring the m athem atical theory
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of this phase of fluid mechanics. Professor Auer is concerned w ith those aspects 
of plasma physics concerned w ith the h igher tem perature collisionless regime 
appropria te  to possible fusion applications. T his interest brings the School 
into close contact w ith several o ther departm ents of the University (including 
the Center for A pplied M athematics and the Center for Radiophysics and 
Space Research). Professors George, Seebass, and Shen and their students are 
pursuing investigations in the area of rarefied-gas dynamics, hypersonics, 
basic fluid mechanics, and advanced aerodynamics, which are related to the 
o ther aspects of real-gas dynamics and air chem istry m entioned above. T he 
staff is also pursuing studies of the sonic boom and associated problem s con­
cerned w ith high perform ance aircraft. Close contact is m aintained w ith the 
work in T herm al Engineering, which is housed in Upson H all adjacent to this 
School. T he School also m aintains active interest and research in subjects basic 
to m odern space vehicle and propulsion-system design, including problems 
of missile dynamics, trajectories, and orbits. Research in chemical kinetics is 
conducted w ith the cooperation of Professor S. H. Bauer of the D epartm ent 
of Chemistry, and research in structures and m aterials is carried out in co­
operation w ith the Field of T heoretical and A pplied Mechanics and the 
M aterials Sciences Center. T his brief description is, of course, not all-inclusive 
and o ther topics of research are under study. F u rth er details may be obtained 
by w riting to the D irector of the G raduate School of Aerospace Engineering, 
G rum m an H all.
Candidates for an advanced degree w ith a m ajor in this Field who do not 
already hold the M aster’s degree are encouraged to m atriculate first as 
candidates for the professional degree, M aster of Engineering (Aerospace), 
under the jurisdiction of the G raduate School of Aerospace Engineering. In ­
form ation concerning this School and the degree of M aster of Engineering 
(Aerospace) will be found in  the Announcem ent of the College of Engineering.
Courses
7101. ADVANCED K IN ETIC  THEO RY  
C redit three hours. Fall. M r. de Boer.
T he Boltzmann equation. Solution for gas in equilibrium . Collision fre­
quency and mean free path  calculations. Conservation equations. Review of 
Enskog-Chapm an theory of transport coefficients. G rad’s th irteen  m om ent 
equations. T he BGK equation. T h e  BBGKY theory.
7102. GASDYNAMICS
C redit th ree hours. Spring. Mr. Resler.
Strong shock waves and their use in  the production  and study of high 
tem perature gases. H igh tem perature chemical kinetics and its application to 
hypersonic external flows, rocket in te rnal flows, and o ther phenom ena of 
curren t interest. Chemical relaxation effects on  flow fields and the m ethod 
of characteristics including chemical reactions. E xperim ental techniques.
7103. DYNAMICS OF RAREFIED GASES
Credit three hours. Spring. Prerequisites: 7101 and 7102. Mr. Shen.
Flow regimes according to the Knudsen num ber. Theories of the shock 
structure at high Mach num bers. Boundary conditions at a solid wall. Slip- 
flow conditions. Free-molecule flows. Eigen function expansion of the linear­
ized Boltzmann equation. Full-range and half-range m om ent methods. T he 
model equation approach and recent developments for handling  the transition 
regime.
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7104. ADVANCED TOPICS IN  H IG H  T EM PE R A T U R E  GASDYNAMICS 
Credit three hours. E ither term . Prerequisites: 7101 and 7102.
C urren t topics relating to present engineering practice an d /o r  research 
interests of the faculty and staff.
7201. IN TRO D U CTO R Y  PLASMADYNAMICS 
Credit three hours. Fall. Mr. Auer.
Macroscopic and microscopic properties of plasmas. W ave m otion and 
stability. C haracter of laboratory-produced and naturally  occurring plasma 
systems. A pplication to power conversion and space propulsion. In troduction  
to controlled therm onuclear research. Reference text: Plasma Physics in 
Theory and A pplication, Ed. W. B. Kunkel.
7202. IN TR O D U C TO R Y  M AGNETOHYDRODYNAM ICS 
C redit th ree hours. Spring. M r. T urcotte.
Basic equations of m agnetohydrodynamics. Flow problem s. H ydrom agnetic 
shock waves. T he pinch effect and instabilities. Tensor conductivity and excess 
electron tem perature.
7203. IN TER M ED IA TE PLASMA PHYSICS
C redit three hours. Spring. Prerequisite: 4561 or 7201 o r equivalent. Mr. Auer.
Collective oscillations in  a cold plasma: waves in a warm plasma; ap p li­
cation to n a tu ral phenom ena. N onlinear theory of collision-free shocks. 
Q uantum  effects in solid state plasma waves; plasm a-phonon interactions. 
Introduction  to rad iation  and scattering in  plasmas. At the level of Stix, 
Theory o f Plasma Waves, and  Bekefi, R adiation Processes in Plasmas.
7301. FLU ID  MECHANICS
Credit th ree hours. Fall. Mr. George.
T h e  continuum  and the stress tensor. Vectors and tensors. Hydrostatics. 
Strain and rate-of-strain tensors. Constitutive equations. T h e  ideal elastic 
continuum . E quilibrium  and com patibility equations, boundary conditions. 
Plane stress and strain. T h e  stress function. Elastic energy. St. V enant's p rin ­
ciple. T h e  N ew tonian fluid, viscosity and bulk viscosity Navier-Stokes equa­
tions. Poiseuille flow, Rayleigh and  Stokes problems. T h e  concept of the 
boundary layer. T h e  ideal-fluid approxim ation. Kelvin and H elm holtz th e ­
orems. Irro tational flows.
7302. AERODYNAMICS
Credit th ree hours. Spring. M r. Sears.
Laplace’s equation. Source, sink, and doublet. Vortices. Biot-Savart theorem , 
the flow field of a vortex. Spherical and cylindrical harm onics. M ethods of 
singularity d istributions. Com plex-variable methods. W ing theory. Acoustics. 
Compressible flows, subsonic and supersonic. Shock waves. Hypersonic flow. 
R otational flows. M agnetohydrodynamics. Flow in the boundary layer, P randtl 
theory. H eat transfer, separation.
7303. COMPRESSIBLE FLUID FLOW  
C redit th ree hours. Fall. Mr. Seebass.
Aerodynamics of compressible fluids. Brief review of linear theories. Im ­
provem ents on linear theory. Sonic boom. Role of entropy in  supersonic flows. 
Shock wave interactions. Exact theories: m ethod of characteristics for ro ta ­
tional reacting flows; hodograph transform ation; conical flows. T ransonic 
flow theory and sim ilitude. Viscous effects in  compressible flows. O ther topics 
of curren t interest.
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7304. TH EO RIES OF VISCOUS FLOWS
Credit three hours. Fall. Prerequisites: 7301 and 7302. Mr. Shen.
Exact solutions of the Navier-Stokes equations. T he small Reynolds n u m ­
ber approxim ation. T h e  boundary layer theory and the techniques for its 
solution. Compressibility effects. Stability of lam inar flows. T urbulence.
7305. HYPERSONIC FLOW  TH EO RY
Credit three hours. Spring. Prerequisites: 7301 and 7302. M r. George o r Mr. 
Seebass.
Hypersonic small disturbance theory and the related sim ilitude; blast wave 
analogy; entropy layers. Newtonian theory and shock layer structure. Constant 
density solutions. T he b lu n t body problem ; num erical techniques. Viscous 
and real gas effects: ideal dissociating gas; viscous interactions; o th er real gas 
phenom ena.
7801. RESEARCH IN AEROSPACE EN G IN EERIN G
Credit to be arranged. Prerequisite: admission to the G raduate School of 
Aerospace Engineering and approval of the Director.
Independent research in a field of aerospace science. Such research m ust be 
under the guidance of a m em ber of the staff and m ust be of a scientific 
character.
7901. AEROSPACE ENG IN EERIN G  COLLOQUIUM  
Credit one hour.
Lectures by Cornell staff members, graduate students, and visiting scientists 
on topics of interest in aerospace science, especially in connection w ith new 
research.
7902. SEMINAR IN AEROSPACE EN G IN EERIN G  
Credit two hours. Prerequisite: approval of the Director.
Study and discussion of topics of curren t research interest in aerospace 
engineering. Members of the sem inar will p repare and deliver reports on 
these topics, based on published literature.
7903. PLASMA PHYSICS COLLOQUIUM  
C redit one hour. Fall and spring.
Lectures by staff mem bers, g raduate students, and outside scientists on 
topics of curren t interest in  plasma research.
AG RIC ULTU RA L ENG INEERING
Faculty: R ichard  D. Black, J. R obert Cooke, Edward W. Foss, Orval C. 
French, Ronald B. Furry, R ichard W. Guest, Wesley W. Gunkel, Fred G. 
Lechner, G ilbert Levine, R obert T , Lorenzen, David C. Ludington, Everett
D. M arkwardt, W illiam  F. M illier, G erald E. Rehkugler, N orm an R. Scott,
E. Stanley Shepardson, John  C. Siemens, Jam es W. Spencer, Clesson N. T u rn er.
Field Representative: Wesley W . Gunkel, 226 Riley-Robb Hall.
M AJOR AND M INO R SUBJECTS
A gricultural Engineering Power and M achinery
A gricultural Structures Soil and  W ater Engineering
Electric Power and Processing
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Ph.D. candidates are required  to have one m ajor subject selected from the 
above list and two m inor subjects. One m inor subject may be selected from the 
above list, and at least one m inor subject m ust be selected in a Field outside 
A gricultural Engineering. M.S. candidates are required  to take A gricultural 
Engineering as their m ajor subject and to select one m inor outside the Field. 
Candidates for either the doctorate or the M aster’s degree w ith the m ajor 
outside the Field may select any subject as a m inor.
ADMISSION REQ UIREM EN TS. T o  be considered for admission an applicant 
m ust have a baccalaureate degree in an area of engineering, physical science, 
or biological science from a faculty or university of recognized standing. 
T ra in in g  in the engineering and biological sciences is necessary. Any d e­
ficiencies in these areas in the undergraduate train ing  will need to be satisfied 
early in  the advanced degree program . T h e  applicant m ust present evidence 
of prom ise in  advanced study and research as indicated by past scholastic 
achievement and recomm endations from his undergraduate or graduate 
institution.
A lthough it is no t required  by the Field, applicants applying for fellow­
ships and scholarships are urged to take from the Educational T esting  Service 
both  the G raduate Record Exam ination A ptitude and Advanced Engineering 
Tests. Scores should be sent to the Cornell G raduate School as p art of the 
application.
LANGUAGE REQ U IREM EN TS FO R ADVANCED DEGREES. T h ere  is no 
general language requirem ent for either the M.S. or the Ph.D. in the Field. 
However, a candidate’s Special Com m ittee may requ ire language to be 
included in the studen t’s program .
EXAM INATIONS. T h e  final exam ination for the  M.S. may be oral, or oral 
and w ritten. Students continuing for the Ph.D. in the Field may, w ith the 
permission of their Special Com m ittee for the Ph.D. program , com bine the 
M.S. final exam ination w ith the Admission to Candidacy Exam ination, which, 
together w ith the Final E xam ination on the thesis, is requ ired  of all Ph.D. 
candidates.
RESEARCH AND STUDY O PPO R T U N IT IE S. A broad spectrum  of research 
and study activity is available in  A gricultural Engineering. A thesis based 
on research effort is required  for both the M.S. and Ph.D. degrees. A partial 
list of the general areas of research interest and the faculty m em bers associ­
ated w ith these interests are listed below. Specific topics of m utual interest may 
also be selected. If you desire inform ation about cu rren t research projects, 
the Field Representative will d irect your inquiry  to the faculty m em ber 
best able to answer your request.
A gricultural Engineering: All faculty mem bers. A gricultural m echanization, 
agricultural waste m anagem ent, bioengineering, engineering properties of 
biological m aterials, low-cost roads, m aterials handling , safety engineering.
A gricultural Structures: Ronald B. Furry, R obert T . Lorenzen, N orm an R. 
Scott. S tructural analysis and  design, production  systems synthesis, structural- 
biological relationships, environm ental com position and  control, biological 
response to environm ent, therm odynam ic processes.
Electric Power and Processing: Ronald B. Furry, R ichard  W . Guest, David C. 
Ludington, E. Stanley Shepardson, Clesson N. T u rn er. Electrical control 
systems, processing of agricultural m aterials, application of electromagnetic 
rad iation  to agriculture.
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Power and Machinery: J. R obert Cooke, R ichard W. Guest, Wesley W. Gunkel, 
Everett D. M arkwardt, W illiam  F. M illier, G erald E. Rchkugler, E. Stanley 
Shepardson, John  C. Siemens. A gricultural m achinery design and development, 
terramechanics, crop harvesting, handling  and processing systems, m etering 
and d istribu tion  of agricultural chemicals, physical and biological factors 
pertaining to m achine design such as soil mechanics in relation to seedling 
development.
Soil and W ater Engineering: R. D. Black and G. Levine. Surface w ater 
hydrology, flow in porous m edia, irrigation  efficiency, soil-plant-w ater re­
lationships, waste water disposal, hydraulics.
Professional Degree
T he D epartm ent of A gricultural Engineering also offers the professional 
degree of M aster of Engineering (Agricultural) which is intended prim arily 
for those students who plan to enter engineering practice, and not for those 
who expect to study for the doctorate. T his program  consists of courses 
which are intended to develop the student's background in engineering design 
as well as strengthen his fundam ental engineering base. Of the required 
th irty  hours, six consist of engineering design experience involving individual 
effort and a formal report.
Admission to the Master of Engineering (Agricultural) program is open to 
persons who have been granted Bachelor's degrees, or the equivalent, and 
who have sufficient train ing  to indicate th a t they can profitably study the 
advanced courses offered for these students in engineering. A student can 
choose to concentrate his studies in one of the sub-areas of A gricultural 
Engineering or take a broad program  w ithout specialization.
Graduate Courses
501. SIM ILITU D E ENG IN EERIN G
Spring term . Credit three hours. Two lectures, one laboratory. T im e and place 
to be arranged. Associate Professor Furry.
Sim ilitude methodology, including the use of dim ensional analysis to develop 
general equations to define physical phenom ena; m odel theory: distorted 
models; and analogies, including the use of electronic analog com puters. In ­
troduction to a variety of applications in engineering. It is preferred th a t 
students know how to program  in FO R TR A N , although knowledge of CUPL 
is acceptable.
502. IN STR U M EN TA TIO N
Fall term . Credit three hours. Two lectures, one laboratory. T im e and place 
to be arranged. Assistant Professor Scott and staff.
A pplication of instrum entation  to physical and biological measurem ents 
in agricultural engineering research, including m easurem ent of force, dis­
placem ent, velocity, acceleration, tem perature, hum idity , fluid flow, and 
electrical im pedance and potential.
504. BIOLOGICAL EN G IN EERIN G  ANALYSIS
Fall term . Credit three hours. T hree  lectures. Riley-Rohb 225. T im e to be 
arranged. Prerequisite: consent of the instructor or Engineering 1151. As­
sistant Professor Cooke.
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Engineering problem-solving techniques will be exam ined. Particu lar a t­
tention  will be given to the form ulation of biological problem s in an engineer­
ing context. Experience will be gained in problem  definition, m athem atical 
form ulation, and in terp reta tion  of results. Principles of feedback control 
theory will be studied and applied to biological and technological systems.
551-552. A G RICU LTU RA L ENG IN EERIN G  PR O JEC T
Fall and spring term  (both terms required  for M.E. (Agr.) degree). C redit
three hours per term . T im e and place to be arranged. Staff.
Comprehensive design projects utilizing real engineering problem s to present 
fundam entals of agricultural engineering design. Emphasis on form ulation 
of alternate design proposals, including economics and nontechnical factors, 
and complete design of the best alternative.
600. SPECIAL TOPICS
Fall o r spring term . Credit one or more hours. T im e and place to be arranged. 
Stall.
Special work in any area of agricultural engineering on problem s of special 
interest to the students and faculty.
601. GENERAL SEMINAR
Fall and spring terms. Fall term  required  of all graduate students m ajoring 
in the Field. Spring term  optional. M 12:30. Riley-Robb 400. Staff.
Presentation and discussion of research and  special developments in 
agricultural engineering.
602. POW ER AND MACHINERY SEMINAR
603. SOILS AND W A TER EN G IN EERIN G  SEMINAR
604. A G RICU LTU RA L STRU CTU RES SEMINAR
Seminars 602, 603, 604. Spring term . Credit one hour. T im e and  place to be 
arranged. Staff.
T horough  investigation and discussion of research or new developm ents in 
an area of special interest to those enrolled.
Undergraduate Courses Open to 
Graduate Students
[461. A G RICU LTU RA L MACHINERY DESIGN]
Spring term . Credit three hours. Prerequisite: Engineering 3331 or the 
equivalent. Two lectures, one laboratory. T im e and place to be arranged. 
Professor Gunkel. Offered in  alternate years. N ot offered in  1967-68.
T h e  principles of design and developm ent of agricultural machines to 
meet functional requirem ents. Emphasis is given to com puter-aided analysis 
and design, stress analysis, selection of construction m aterials, and testing 
procedures involved in agricultural m achine development.
462. A G RICU LTU RA L POW ER
Fall term . Credit three hours. Prerequisite: Engineering 212 o r the equivalent. 
Two lectures, one laboratory. T im e and place to be arranged. Assistant 
Professor Siemens. Offered in  alternate years.
Basic theory, analysis, and testing of in ternal com bustion engines specifically
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for use in farm  tractors and o th er agricultural power applications. T ractor 
transmissions. Nebraska T ractor Tests, soil mechanics related  to traction, 
stability, shop dynamometers, fuels, hydraulic equipm ent.
[463. PROCESSING AND H AN DLING  SYSTEMS FO R A G RICU LTU RA L 
MATERIALS]
Spring term. Credit four hours. T hree  lectures, one laboratory. T im e and 
place to be arranged. Associate Professor Ludington. Offered in  alternate years. 
Not offered in 1967-68.
Processes such as size reduction, separation, m etering, drying, and re­
frigeration will be studied. Psychrometrics, fluid flow m easurem ent, and an 
introduction  to system engineering and electrical controls for agricultural 
applications is included. T h e  student should know how to program  in 
FO RTRA N  or CUPL.
471. SOIL AND W A TER ENG IN EERIN G
Spring term . Credit three hours. Prerequisites: Engineering 2301 and A gron­
omy 200, or their equivalents. T h ree  lectures, one laboratory every o ther week. 
T im e and place to be arranged. Associate Professor Black. Offered in alternate
years.
An advanced course in the application of engineering principles to the 
problem s of soil and w ater control in  agriculture. Includes design and con­
struction of drainage systems and farm  ponds, and design and operation  of 
sprinkler systems for irrigation.
481. A GRICU LTU RA L STRUCTURES
Spring term . Credit three hours. Prerequisites: Engineering 2701 and 3622, or 
equivalent. Lectures, T  T h  11:15. Laboratory, W  2^1:25. Place to be arranged. 
Assistant Professor Scott. Offered in alternate years.
Synthesis of complete farm stead production un its including structures, 
equipm ent, and m anagem ent techniques. Integrated  application of structural 
theory, therm odynamics, m achine design, and methods engineering to satisfy 
biological and economic requirem ents.
491. LOW -COST ROADS
Credit three hours. Prim arily for application to developing countries. Offered 
upon  sufficient dem and, usually in fall term . Prerequisite: consent of the 
instructor. Principally directed study w ith  one tw o-and-a-half-hour class 
session per week to be arranged. Professor Spencer.
Study of economic considerations in road system im provem ent; road im ­
provem ent p lanning and program m ing; road location and geometric design; 
engineering soil characteristics and classification; design of roadbed thick­
ness; drainage; stabilization methods and m aterials; dust palliatives: wearing 
surfaces.
APPLIED MATHEMATICS*
Faculty: R alph P. Agnew, M ichael S. Balch, H enry David Block, Kenneth 
M. Brown, Nicholas DeClaris, Roger Farrell, Michael Fisher, W olfgang 
H. J. Fuchs, Leonard Gross, Frederick Jelinek, H arry Kestcn, Jack Kiefer,
* Ordinarily the m inor subject for candidates whose m ajor subject is in engineering 
or science should be mathematics. Applied mathem atics wiill be available as a minor 
subject only in unusual cases when a m inor in mathematics does not meet the edu­
cational objectives.
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Jam es A. K rum hansl, Simon A. Levin, G. S. S. Ludford, Anil Nerode, Lawrence
E. Payne, N arahari U. Prabhu, H enri S. Sack, Edwin E. Salpeter, D uane 
Sather, Alfred H . Schatz, W illiam  R. Sears, A. R ichard  Seebass, Shan-fu Shen, 
Frank L. Spitzer, Benjam in W idom , Jacob Wolfowitz.
Field Representative: Lawrence E. Payne, 275 O lin H all
M AJOR SUBJECT 
A pplied M athem atics
M IN O R SUBJECTS. Chosen in  consultation w ith the m ajor advisor from 
those available in  the biological, engineering, physical, and  social sciences. 
One m inor subject m ust be chosen in some area outside of m athem atics and 
applied m athem atics. Only one m inor subject is required.
ADMISSION REQ UIREM EN TS. G raduate students from a variety of ed u ­
cational backgrounds, including the several branches of engineering and the 
physical and biological sciences as well as m athem atics will be adm itted  to 
study in this Field.
LANGUAGE R EQ U IR EM EN T. A candidate for the degree of Ph.D. m ust 
dem onstrate reading ability by passing an ETS exam ination in  French, G er­
m an, or Russian.
PROGRAM S OF STUDY will include advanced courses in  pu re  m athem atics, 
thorough grounding in  m athem atical m ethods, and studies of subject areas 
in  which significant applications of m athem atics are made.
T o  be adm itted  to the candidacy for the Ph.D. degree or to ob tain  a M aster’s 
degree a student m ust satisfy the following requirem ents:
A. H e m ust be fam iliar w ith  advanced calculus (M ath 411-412) and 
elem entary abstract algebra (M ath 431^432).
B. H e m ust have satisfactorily com pleted either M ath 415-416 or M e­
chanics 1182-1183.
C. H e m ust pass one of the following com binations of subjects in  m athe­
matics: (a) 511-512, (b) 521-522, (c) 521-531, (d) 511-531.
R equirem ent A m ay be m et either by a satisfactory grade on the w ritten  
exam ination adm inistered by the D epartm ent of M athem atics in  Septem ber 
or by taking and m astering these courses w ith a h igh degree of competence. 
T h e  Admission to Candidacy E xam ination will consist of the final exam ­
inations in the required  courses followed by an oral exam ination given by 
the candidate’s comm ittee. N ormally a student will be able to satisfy these 
candidacy requirem ents a t the end of his second year, b u t in  each individual 
case the s tuden t’s com mittee will decide the appropria te  tim ing.
Each candidate for the degree m ust acquire fam iliarity  w ith significant 
applications of advanced m athem atics. Such applications may be studied a t 
Cornell in several areas such as the various fields of engineering, physics, 
chemistry, m athem atics, and com puter science. T h e  specific courses may be 
chosen by the student w ith the consent of his special committee.
T he thesis in  A pplied M athem atics m ust be a m athem atical con tribu tion  
tow ard the solution of a problem  arising outside m athem atics.
Areas of Interest
R. P. Agnew, Professor of M athematics: m athem atical analysis.
M. S. Balch, Assistant Professor of M athematics: m ethods of applied m athe­
matics, elliptic differential equations.
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H . D. Block, Professor of Theoretical and A pplied Mechanics: nonlinear 
mechanics, autom ata, functional analysis.
K. M. Brown, Assistant Professor of Com puter Sciences: num erical analysis.
N. DeClaris, Professor of Electrical Engineering: system theory.
R. Farrell, Associate Professor of M athematics: probability  and statistics.
M. Fisher, Professor of M athem atics and Chemistry: foundation and ap p li­
cations of statistical mechanics.
W. H. J . Fuchs, Professor of M athematics: m athem atical m ethods of physics. 
L. Gross, Associate Professor of M athematics: analysis, m athem atics of q u an ­
tum  theory.
F. Jelinek, Assistant Professor of Electrical Engineering: inform ation theory, 
coding, com m unication networks, autom ata.
H. Kesten, Professor of M athematics: probability  theory.
J. C. Kiefer, Professor of M athematics: probability  and statistics.
J. A. K rum hansl, Professor of Physics: m athem atical physics, microscopic 
processes, and macroscopic descriptions.
S. Levin, Assistant Professor of M athematics: m athem atical analysis, partial 
differential equations, biom athem atics.
G. S. S. Ludford, Professor of A pplied M athematics: fluid mechanics, magneto- 
fluid dynamics.
A. Nerode, Professor of M athematics: m athem atical logic, recursive functions 
and com putability, algebra, autom ata.
L. E. Payne, Professor of M athematics: partia l differential equations.
N. U. Prabhu, Associate Professor of O perations Research: stochastic processes, 
queues and inventories, reliability.
H . S. Sack, W alter S. Carpenter, Jr., Professor of Engineering: engineering 
physics, physical properties of m aterials.
E. E. Salpeter, Professor of Physics and Astronomy: theoretical astrophysics, 
nuclear theory, statistical mechanics.
D. Sather, Assistant Professor of M athematics: partia l differential equations.
A. H. Schatz, Assistant Professor of M athematics: partia l differential equations. 
W. R. Sears, J. L. Given Professor of Engineering: aerodynamics, magneto- 
fluid dynamics.
A. R. Seebass, Associate Professor of Aerospace Engineering: aerodynamics, 
m agneto-fluid dynamics.
S. F. Shen, Professor of Aerospace Engineering: aerodynamics, rarefied gas- 
dynamics.
F. L. Spitzer, Professor of M athematics: probability  theory and analysis.
B. W idom, Professor of Chemistry: physical chemistry, statistical mechanics. 
J. Wolfowitz, Professor of M athematics: m athem atical statistics, probability,
and inform ation theory.
APPLIED PHYSICS
Faculty: Neil W. Ashcroft, Peter L. Auer, Joseph M. Ballantyne, R obert W. 
Balluffi, Boris W. B atterm an, Simon H. Bauer, John  M. Blakely, K. Bingham 
Cady, David D. Clark, Roderick K. Clayton, T errill A. Cool, E dm und T . 
Cranch, T revor R. Cuykendall, P. C. Tobias de Boer, Lester F. Eastman, 
Michael E. Fisher, T hom as Gold, Paul L. H artm an, M artin  O. H arw it, John  
P. Howe, H erbert H. Johnson, Jam es A. K rum hansl, Che-Yu Li, R ichard  L. 
Liboff, Paul R. Mclsaac, Ross McPherson, M ark S. Nelkin, Edwin L. Resler, 
Jr., T h o r N. R hodin, A rth u r L. Ruoff, H enri S. Sack, M iriam  H. Salpeter, 
David N. Seidman, Benjam in M. Siegel, John  Silcox, R avindra N. Sudan, 
Chung-Liang T ang, A nthony Taylor, D onald L. T urcotte , W att W . W ebb, 
George J. Wolga.
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Visiting Faculty: Frank Feiner, Peter A. Egelstafi 
Field Representative: M ark Nelkin, Clark H all
M AJOR AND M INO R SUBJECT 
A pplied Physics
OBJECTIVES. G raduate study in  the Field of Applied Physics offers the 
opportun ity  to achieve proficiency in  physics, m athem atics, and applied 
science. T he course program  resembles a m ajor in  Physics, and Applied 
Physics is particularly  suitable for students p reparing  for a scientific career 
in  areas of applied science based on principles and techniques of physics and 
in  associated areas of physics. It provides a m eans for students w ith u n d er­
graduate tra in ing  in physics to branch ou t in to  applied  science while con­
tinu ing  the study of physics, and for students w ith backgrounds in  engineering 
or ano ther science to extend their knowledge of physical science principles 
and techniques.
A student may choose for specialization and thesis research any subject 
th a t is com patible w ith an approach based on the application of principles 
of physics and m athem atics. Individual program s of study are p lanned to 
m eet the needs and interests of each student, and program s involving several 
academic disciplines and topics th a t are undergoing transition  from fun d a­
m ental physics to applied science are readily accommodated.
C urren t areas of advanced study and research include: applied  theoretical 
physics, biophysics, chemical physics, physics of fluids, nuclear and reactor 
physics, optics, plasm a physics, radiation  and m atter, solid state physics and 
m aterials sciences, space physics, and  surface physics.
Degree Programs
O rdinarily  graduate students in A pplied Physics en te r in  the Ph.D. Program . 
T h e  M aster of Science degree can also be aw arded either for two years of 
form al course study w ithout a thesis plus satisfactory perform ance on a 
comprehensive exam ination, or for a shorter program  of form al study ac­
com panied by a m aster's thesis.
PROFESSIONAL DEGREE
T he objectives of the four-year engineering physics program  are well 
served by an  additional year of advanced study leading to th e  degree of 
M aster of Engineering (Engineering Physics). T h e  student has the opportun ity  
to m aster advanced topics in  physics and  can extend his skill in  his chosen 
engineering specialties. He m ust carry ou t an independent project th a t 
provides experience in defining objectives, m aking plans, prosecuting a p ro ­
gram and reporting  conclusions. T hus he is expected to develop and display 
the skills and the responsibility needed for working independently  or co­
operatively tow ard engineering goals w ithou t firmly prescribed guide lines 
o ther than  his own knowledge and judgm ent.
From the M aster’s Program the student may move in to  developm ent work, 
for exam ple in  industry, or he may go on to m ore advanced graduate study, 
either in  the Field of A pplied Physics or in  some o ther related field.
Most of the laboratory facilities for research in the areas described above 
are m ade available for the student projects required  for the M.Eng. degree. 
Each project is supervised by a m em ber of the faculty active in  the subject.
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ADMISSION REQ U IREM EN TS FO R T H E  PROFESSIONAL DEGREE. 
(1) For Cornell students: A grade point average of 2.5 or h igher in  the four- 
year Field Program  in engineering physics will allow admission w ithout 
petition . (2) For transfer students: Evidence is requ ired  th a t the candidate has 
the ability and p reparation  to com plete successfully the program  of study.
REQ UIREM EN TS FOR T H E  PROFESSIONAL DEGREE. (1) An inform al 
study, or project, of at least six credit hours value, which requires individual 
effort and a formal report, and which may be either experim ental or analy ti­
cal. (2) (a) If the project is experim ental, one course in m athem atics or 
applied mathematics; or (b) if it is analytical, one term  of advanced 
laboratory, Physics 510, or an equivalent laboratory course to be taken upon 
approval by the curriculum  com m ittee of the departm ent. (3) Physics 572, 
Q uantum  Mechanics. (4) A m inim um  of six hours in an engineering course 
sequence. (5) Chemistry 380, 596 or a new equivalent course to be arranged.
(6) A sem inar course — a modified version of 8252. One credit hr. or more by 
arrangem ent. (7) Technical electives to b ring  the to tal credit hours to thirty .
ADMISSION REQ UIREM EN TS. U ndergraduate p reparation  in physics or 
o ther physical science or in  an engineering field w ith strong emphasis on 
m athem atics and m odern physics provides appropria te  p reparation  for 
graduate work in A pplied Physics. A pplications are judged w ith respect to 
evidence of quality  and capability to benefit by graduate study in Applied 
Physics. Academic achievem ent in undergraduate program , technical ex­
perience, and recom m endations of teachers and supervisors are carefully 
considered. A lthough not required , it is strongly suggested th a t G raduate 
Record Exam ination scores be subm itted. T h e  applications of students seeking 
to re tu rn  to graduate school after a period of professional em ploym ent sub­
sequent to their undergraduate train ing  are welcomed.
LANGUAGE R EQ U IR EM EN T. A reading knowledge of one m odern language 
is required  for the Ph.D. degree. T here  is no language requ irem ent for the 
M.S. degree.
Financial Aid
G raduate students in Applied Physics usually receive financial aid during  
their entire graduate study program  provided only th a t they are m aking 
satisfactory progress tow ard an advanced degree. However, financial aid for a 
foreign student is not usually available his first year. Financial aid is available 
through fellowships, research assistantships, teaching fellowships, and  tu i­
tion and fees scholarships.
For inform ation about fellowships available th rough  Cornell University, 
see pages 14-17 in this Announcem ent. In addition , there are several fellow­
ships restricted to graduate students in A pplied Physics.
Most students in A pplied Physics hold appointm ents as teaching fellows or 
research assistants du ring  the first and second years, and  usually as research 
assistants du ring  subsequent years including the period of thesis research. 
T he initial asignm ents of students who begin graduate work w ith support 
as research assistants are planned to concur w ith their interests as closely as 
they can be identified.
D uring the summer, teaching fellows and nine-m onth fellowship ap ­
pointees are generally appointed as research assistants, and practically all 
advanced graduate students have stipends either as fellows or as assistants
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so th a t their thesis research can be pursued w ithout in te rrup tion . Part-tim e 
teaching fellowships and sum m er appointm ents as research assistants avail­
able for fellowship students provide early teaching and research experience.
A teaching fellowship requires a to tal of about sixteen hours of work 
per week (including tim e for p reparation  and grading of papers); a research 
assistantship requires about twenty hours. A lthough a teaching fellow o r a 
research assistant usually registers for th ree courses each term  (instead of the 
possible full-tim e load of four courses), he is nevertheless considered to be a 
full-tim e student, earns full residence credit, and his progress tow ard an 
advanced degree is not m aterially  im peded by his duties.
Opportunities for Advanced Study and Research
A pplied theoretical physics: Q uantum  mechanics, statistical physics, ap p li­
cations of irreversible therm odynam ics, cooperative phenom ena, transport 
theory, band  structures, quantum  electronics, atom ic basis of hydrodynam ics, 
plasmas, superfluids, m olecular theory of liquids, phase stability.
Biophysics: Electron microscopy, autoradiography, cell biology, photosyn­
thesis, nuclear techniques in  biophysics.
Chemical physics: Phase transitions, critical phenom ena, chemical kinetics. 
Cryogenics: Superconductivity, superfluids.
F luid  physics: T ran sp ort theory, light scattering, critical and  collective 
phenom ena, superfluids.
N uclear and reactor physics: Low energy nuclear physics (reactions, isomers, 
isobaric analog states, fission), neu tron  physics, nuclear in strum entation  
(development of detectors and techniques, new applications in  engineering 
and biology), activation analysis, reactor theory, experim ental reactor physics.
Optics: Lasers, optical coherence and  statistical optics, electron optics and 
high resolution electron microscopy, ligh t scattering and high resolution 
spectroscopy, x  ray and electron diffraction, scattering and  im agining, n o n ­
linear optics, optical properties of solids.
Plasm a physics: M agnetohydrodynamics, solid state plasmas, shocks and  fast 
reactions, plasma instabilities, energy conversion, controlled nuclear fusion, 
astrophysical plasmas.
R adiation  and m atter: Solid state electronics a t microwave th rough  visible 
frequencies, radiation  damage, excited state atom ic and m olecular spectro­
scopy, x ray and electron scattering.
Solid state physics: Crystal defects, diffusion and  conduction, dislocation 
mechanics, flow and fracture, elasticity, in te rnal friction, electronic properties 
of metals, ionic crystals and sem iconductors, superconductivity, ferrom ag­
netism , electron spin resonance, high pressure properties. (For fu rth er details 
of program s in  this area, see the description of program s of the M aterials 
Science Center, page 42.)
Space physics: A tm ospheric and ionospheric investigations, physical p h e­
nom ena in astronomy and astrophysics, radio astronomy. (Further details of 
some program s in this area are given in the description of program s of the 
C enter for Radiophysics and Space Research, pages 40-41.)
Surface physics: Atomistic properties of solid surfaces, interfacial phenom ena 
in  liqu id  and solids, physical electronic behavior, theory and application
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of low energy electron diffraction and field ionization, physical properties 
and morphology of surface phases.
Because many of the Faculty of the Field of A pplied Physics are also m em ­
bers of o ther Fields and of Research Centers, g raduate students in Applied 
Physics can readily cross interdisciplinary boundaries and gain access to ex­
tensive research facilities. A dditional details about curren t program s are 
described in bulletins available from the  Field Representative for Applied 
Physics.
Courses of Instruction
G raduate study in Applied Physics is based on a firm knowledge of the 
fundam entals of physics and m athem atics. A lthough there are no formal 
course requirem ents, this “core” program  can be described in term s of the 
descriptions of a core course program . Because of the policy of interlocking 
instruction  w ith m ore specialized groups the course program s are based 
prim arily  on courses adm inistered by o ther fields. T h u s the listings given 
by the appropria te fields should be consulted for course descriptions. T he 
course program  of a typical graduate student en tering  directly from an u n d er­
g raduate m ajor in physics is likely to be as follows:
First year, first term
Physics 510, Advanced E xperim ental Physics
Physics 561, Theoretical Physics I
M ath 415, M athem atical M ethods in  Physics
First year, second term
Physics 572, Q uantum  Mechanics
Physics 562, T heoretical Physics II
M ath 416, M athem atical M ethods in Physics
V ariations on this core program  include substitu tion  of M ath 421, 422, 423 
for those w ith weaker p reparation  in m athem atics or inclusion of advanced 
undergraduate level courses in physics such as Physics 326, 356, 431, 432, 443 
for those whose undergraduate p reparation  in physics is less extensive. Many 
students are also able to en ter a t a more advanced level o r carry additional 
courses. Commonly included either du ring  the first or second year are: 
Physics 574, Interm ediate Q uantum  Mechanics
Physics 612, Experim ental T echniques in Atomic and Solid State Physics 
Physics 505-506, Design of Electronic C ircuitry
Physics 510 and 574 are usually available du ring  the  sum mer. A common 
substitu tion  is Chem istry 596, Statistical Mechanics, for Physics 562. T he 
core program  assumes th a t all students will extend th e ir  knowledge of q u an ­
tum  mechanics beyond the level of Physics 572, perhaps by study of an 
application of quan tum  mechanics in a research specialty.
Specialization at the advanced level is based on the foundation gained in 
these core courses. Many com binations are possible, and each program  is 
worked out individually. However, some of the courses available in various 
typical specializations are listed below. T his list is not comprehensive, and 
offerings listed in o th er fields should be consulted for o th er topics and for 
course descriptions.
Nuclear physics
Physics 645. N uclear Physics
Physics 574. Interm ediate Q uantum  Mechanics
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Physics 657. Theory  of Nuclei
Engineering 8309. Low-Energy N uclear Physics
Engineering 8312. N uclear Reactor Theory
Engineering 8313. Reactor Theory  II
Engineering 8314. N eutron T ran sp ort Theory
Engineering 8351. N uclear M easurements Laboratory
Engineering 8352. Advanced N uclear and  Reactor L aboratory
Engineering 8333. N uclear Reactor Engineering
Engineering 8336. N uclear M aterials
Plasma physics 
Magnetohydrodynamics
Engineering 7201 and 7202. M agnetohydrodynam ics I and II 
Engineering 7203. Advanced Topics in  Plasma-Dynamics I 
Engineering 4565 and 4566. Radiophysics of the A tm osphere I and  II
Theoretical plasma physics
Engineering 4561 and 4562. Plasma Physics I and  II 
Engineering 4661. K inetic Equations 
Engineering 4662. Kinetic Theory  of Plasma
H igh tem perature molecular physics
Engineering 7101 and 7102. Advanced Kinetic T heory: Gasdynamics 
Chemistry 580. Kinetics of Chemical Reactions 
Chem istry 598. Selected Topics in  Physical Chemistry 
Engineering 7103. Dynamics of Rarefied Gases
Astrophysical plasmas
Astronomy 520 and 521. R adio Astronomy I and II 
Astronomy 524. Radio Waves in  Ionized Gases 
Astronomy 532. Physics of the  M agnetosphere 
Astronomy 560. Theory of Stellar S tructure and Evolution
Q uantum  electronics
Engineering 4511. Electrodynamics
Engineering 4514. Microwave Theory
Engineering 4520. G raduate L aboratory
Engineering 4531 and 4532. Q uantum  Electronics I and II
Engineering 4535 and 4536. Semiconductor Devices I and II
Engineering 4538. Electromagnetic Properties of Solids
Engineering 4631. Advanced Microwave Electronics
Solid state physics and m aterials science 
Physics 635. Solid State Physics 
Physics 636. Advanced Solid State Physics 
Physics 654. Theory  of M any-Particle Systems 
Physics 680. Special Topics in Solid State Physics 
Engineering 4531 and 4532. Q uantum  Electronics I and II 
Engineering 4538. Electrom agnetic Properties of Solids 
Engineering 6601. Topics in  Therm odynam ics and Kinetics 
Engineering 6602. Phase Transform ations 
Engineering 6603. Crystal Mechanics 
Engineering 6604. Dislocations
Engineering 6605. Electrical and M agnetic Properties of Engineering 
M aterials
Engineering 6606. M echanical Behavior of M aterials 
Engineering 6611. Principles of Diffraction 
Engineering 6762. Physics of Solid Surfaces
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Engineering 6872. N uclear M aterials 
Chemistry 578. Therm odynam ics 
Chemistry 580. Kinetics of Chemical Reactions 
Chemistry 589. X Ray Crystallography 
Chemistry 594. Q uantum  Mechanics II 
Space physics
Engineering 4561 and 4562. Plasma Physics I and II 
Engineering 4565 and 4566. Radiophysics of the A tm osphere I and II 
Engineering 4567 and 4568. Advanced A ntenna M ethods and Problem s I 
and II
Astronomy 431. Introduction  to Astrophysics 
Astronomy 432. In troduction  to Space Physics 
Astronomy 510. Cosmology and Evolution 
Astronomy 520 and 521. R adio Astronomy I and II 
Astronomy 524. Radio Waves in Ionized Gases 
Astronomy 531. Cosmic Rays 
Astronomy 532. Physics of the M agnetosphere 
Astronomy 560. Theory  of Stellar S tructure and Evolution
Courses Administered by Applied Physics
Courses at the advanced undergraduate and graduate level adm inistered 
by Applied Physics and not listed elsewhere in  the G raduate School A n­
nouncem ent are listed below.
EP 8121. THERM ODYNAM ICS AND FLU ID  MECHANICS 
Credit three hrs. Fall term.
Classical therm odynam ics and applications, compressible one-dim ensional 
flows and shock waves; in troduction  to fluid mechanics. T h e  general level of 
sophistication expected in  8121-8122 is th a t of the fourth-year student in 
engineering physics.
EP 8122. STA TISTICA L MECHANICS AND K IN ETIC  TH EO RY  
Credit three hrs. Spring term . Prerequisite: 8121 or its equivalent.
Ensembles and partition  functions, ideal quan tum  and classical gases, im ­
perfect gases, d istribu tion  and correlation functions. Random  walks and 
Brownian m otion, fluctuations, kinetic theory. At the level of F. Reif, Funda­
mentals of Statistical and Therm al Physics.
EP 8133. MECHANICS OF PARTICLES AND SOLID BODIES 
Credit three hrs. Fall term . T h ree  recitations.
N ew ton’s laws, harm onic oscillator. Fourier series and G reen’s function 
solutions. Lagrange equations, H am iltonian  formalism, Central force m otion, 
orbits, scattering, cross-sections. Many particle dynamics, Lagrangian form u­
lations, Lorentz transform ation.
EP 8134. MECHANICS OF CO N TIN U A  
Credit three hrs. Spring term . T h ree  recitations.
Mechanics of continua, equ ilibrium , propagation  of sound waves. Elasticity, 
torsion, shear, bending stresses.
EP 8205. ELECTRICA L AND M AGNETIC PR O PER TIES OF EN G IN EER ­
ING M ATERIALS
Credit th ree hrs. Fall term . Prerequisite: Physics 454 or consent of the 
instructor.
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Electrical properties of semiconductors. M etallic alloys. Ferrom agnetic 
materials. Superconductivity. O ptical and dielectric properties of insulators 
and semiconductors. At the level of K ittel, Introduction  to Solid State Physics; 
Chikazumi, Physics o f M agnetism; Lynton, Superconductivity; Livingston and 
Schadler, T h e Effect o f M etallurgical Variables on Superconductivity P rop­
erties.
EP 8211. PRINCIPLES OF D IFFRA CTIO N
C redit three hrs. Fall term . Offered jointly w ith the D epartm ent of M aterials 
Science and Engineering.
Production of neutrons, x rays, absorption, scattering, Com pton effect. 
Diffraction from periodic lattices, crystal symmetry, single crystal and  powder 
techniques. Fourier methods, therm al vibration  and  scattering, diffraction 
from liquids and gases, in troduction  to dynam ical diffraction of x  rays and 
electronics, extinction phenom ena and perfect crystals. Selected experim ents 
in  diffraction.
EP 8212. SELECTED TOPICS IN  D IFFRA CTIO N
C redit th ree hrs. Spring term . T h ree lectures. Prerequisite: 8211. Offered 
jo in tly  w ith the D epartm ent of M aterials Science and  Engineering.
Dynamical diffraction: Ewald-von Laue theory of dynam ical diffraction 
applied to x rays and electrons. C urrently  developing theory and  application 
to defects in  solids. Phenom ena investigated via diffuse scattering: phonons, 
m easurem ent of dispersion curves, frequency spectrum , Debye tem peratures, 
vibrational am plitudes. O rder-disorder phenom ena: short and  long-range 
order, G uinier-Preston zones. Selected topics of curren t interest related  to 
x  ray, neutron, and electron diffraction, w ith contributions from several 
mem bers of the faculty.
EP 8252. SELECTED TOPICS IN  PHYSICS OF E N G IN EER IN G  MA­
TERIALS
Credit one hr. Fall term . P rim arily  for candidates for M aster of Engineering 
(Engineering Physics): others w ith consent of the instructor.
Seminar-type discussion of special topics in  the  field of engineering m a­
terials, such as plastic and rheological properties; dielectric and m agnetic 
behavior; semiconductors; rad iation  dam age, etc. Em phasis is given to the 
in terp reta tion  of the phenom ena in light of m odern theories in  physics of 
solids and liquids and their im pact on the engineering applications. C urren t 
litera tu re  is included in the assignments.
EP 8262. PHYSICS OF SOLID SURFACES
C redit th ree hrs. Spring term . A lecture course for g raduate students and 
upperclassm en offered jointly w ith the D epartm ent of M aterials Science 
and Engineering.
An in troductory critical review of advances in  the theory of the solid-state 
related  directly to surface phenom ena. T herm odynam ics of surface phases, 
atom istic theory of surfaces and  dynamics of in teraction  of electrons, ions and 
atoms w ith surfaces are considered. Reference is m ade to application of the 
theory to  surface and  interface phenom ena in  metals, insulators and sem i­
conductors as m uch as possible. Presented a t th e  level of Advances in Solid 
State Physics, Ed., Seitz and  T u rn b u ll.
EP 8601. PHYSICAL APPROACHES T O  PROBLEM S OF P H O T O ­
SYNTHESIS
Credit three hrs. Fall term . Given in  alternate years. Prerequisites: Chem istry 
104 or 108, M athematics 112, Physics 208, or permission of the instructor.
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Emphasis is on physical and photochem ical mechanisms and physical ex­
perim ental approaches. Photosynthetic organisms; their photochem ical ap ­
paratus, m etabolic pathways, and mechanisms for energy conversion. Descrip­
tive in troduction  to the physics of excited states in  molecules and molecular 
aggregates. O ptical and photochem ical properties of chlorophyll, and of the 
living photosynthetic tissue. Contem porary investigations of the photosyn­
thetic mechanism. T he level of the course can be judged by consulting 
R. K. Clayton, M olecular Physics in Photosynthesis (W altham : Blaisdell 
Publishing Co., 1965.)
EP 8603. GENERAL PHO TO BIOLO GY
Credit three hrs. Fall term . Prerequisites: Chemistry 104 or 108, M athem atics 
112, Physics 208, or the permission of the instructor. Given in alternate years.
A survey of systems of curren t interest in photobiology, including pho to ­
synthesis, bioluminescence, vision, photoperiodism , and the action of u ltra ­
violet on nucleic acids. Physical concepts and methodologies are emphasized.
ASTRONOM Y AN D  SPACE SCIENCES
Faculty: R alph Bolgiano, John  P. Delvaille, Frank D. Drake, Thom as Gold, 
K enneth I. Greisen, M artin  H arw it, Frederick Jelinck, R ichard L. Liboff,
Edwin L. Resler, Jr., H enri S. Sack, Edwin E. Salpeter, R . W illiam  Shaw,
R avindra N. Sudan.
Visiting Professor: Cyril H azard
Field Representative: M artin  H arw it, 212 Space Science Building.
M AJOR AND M INO R SUBJECTS 
Astronomy Radiophysics
Astrophysics Space Sciences (General)
M agnetohydrodynamics
T here  is no language requ irem ent for the M aster’s degree. T h e  language 
requirem ent for the Ph.D. degree consists of proficiency in one of the follow­
ing: French, Germ an, or Russian.
T h e  m ajor and both m inor subjects for the doctorate should not all be 
chosen in this Field.
Students m ay come to this Field w ith a strong background in astronomy, 
electrical engineering, engineering physics, m athem atics, or physics.
Members of the staff are particularly  interested in  directing graduate re ­
search in the following subjects:
Astronomy and astrophysics: cosmic rays, cosmology, dynamics of the in te r­
stellar gas, geodetic astronomy, lunar photom etry, solar system m agnetohydro­
dynamics, stellar spectroscopy, theory of stellar structure, stellar evolution, 
nuclear processes in stars, stellar statistics.
Atmospheric and ionospheric radio investigations: dynamics of the atm os­
phere and ionosphere; incoherent electron scattering; study of refraction, 
scattering, a ttenuation  due to the inhom ogeneous n atu re  of the troposphere 
and ionosphere; theory and observation of propagation  of radio waves in 
ionized m edia such as the ionosphere.
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R adio astronomy: d istribu tion  and  classification of radio sources, rad ar in ­
vestigations of the moon and planets, solar radio observations; studies of 
gaseous nebulae.
Space vehicle instrum entation: in strum entation  relating  to lu n ar exploration, 
m agnetic field m easurements, tenuous gas and particle flux m easurements; 
infrared  observations from rockets.
G raduate students in this Field may be connected w ith the Cornell U n i­
versity Center for Radiophysics and Space Research. M any mem bers of the 
faculty listed above are mem bers of this Center, which possesses or is p lanning  
im portan t facilities for geophysical and solar system investigations both  by 
radio m ethods and by space vehicle instrum entation . F u rth e r details of this 
organization and facilities can be obtained by w riting to the Secretary, Cornell 
University Center for Radiophysics and Space Research, Space Science B uild­
ing. See also pages 40-11.
T h e  recently formed Cornell-Sydney University Astronomy Center, an in te r­
national cooperative venture in the field of astronom y and space sciences, 
provides students and faculty mem bers of the two universities w ith an o p por­
tun ity  to work together in the field. T h e  Sydney University facilities include 
the Criss-Cross and Mills Cross radio telescopes, the stellar intensity in te r­
ferom eter, detectors for very high energy cosmic rays, and plasm a and nuclear 
physics laboratories. F u rth er details can be obtained by w riting  to the Secre­
tary, Astronomy D epartm ent, Space Science Building. See also page 41.
Courses
431. IN T R O D U C T IO N  T O  ASTROPHYSICS
Fall term . Credit three hours. Prerequisites: Physics 225, 226, and  303 or the 
equivalent. Mr. H arw it. M W F 10:10.
Dynamics of p lanetary and stellar systems. Stellar structure and evolution. 
Binary, variable and peculiar stars. N uclear synthesis in stars. Stellar atm os­
pheres. A bundance of the chemical elements.
432. IN T R O D U C T IO N  T O  SPACE PHYSICS
Spring term . Credit three hours. Prerequisite: Astronomy 431 or consent of 
the instructor. Mr. H arw it. M W  F 10:10.
Interstellar dust and gas. Evolution of the Strom gren sphere. Star form a­
tion. Interstellar m agnetic fields, cosmic rays and radio emission. In te r­
p lanetary gas and dust. Comets, m eteorites, and micrometeorites.
510. COSMOLOGY AND EVO LUTIO N
Spring term . Credit three hours. Offered on sufficient dem and. O pen to g radu­
ate students w ith the consent of the instructor. H ours to be arranged. Messrs. 
Gold and Harwit.
R elativistic astrophysics. Cosmological models and  tests of models. Evolu­
tion of stars and galaxies. Quasars.
520. RADIO ASTRONOMY I
Fall term . Credit three hours. Prerequisite: Astronomy 330, or g raduate status, 
or consent of the instructor. H ours to be arranged. Mr. Drake.
R adio astronomy telescopes and electronics. Preferred observing procedures 
and data analysis. Concepts of apertu re synthesis. Physical mechanisms of radio 
emission. R adio and radar studies of the solar system. Physical n a tu re  of the 
sun, moon, and planets as deduced from radio sources.
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521. RADIO ASTRONOMY II
Spring term . Credit three hours. Prerequisite: Astronomy 520. H ours to be 
arranged. Mr. Drake.
T herm al and nontherm al radiation  from the galaxy. Supernova rem nants. 
Relation of galactic emission to cosmic rays. Galactic 21cm . emission. Galactic 
structure and kinematics as inferred from radio observations. R adio emission 
from norm al and abnorm al galaxies. Quasi-stellar radio sources. Physical th e ­
ories of the quasi-stellar sources and abnorm al radio galaxies.
524. RADIO WAVES IN IONIZED GASES
Spring term . Credit three hours. Prerequisite: Astronomy 520 or consent of 
the instructor. H ours to be arranged. Staff.
Propagation of radio waves in inhom ogeneous plasma. Scattering by irregu­
larities. G eneration and absorption of radio waves. Scintillations. A pplica­
tions to the theory of radio emission by the sun and by Jup ite r.
531. COSMIC RAYS
Fall term . Credit three hours. Prerequisite: consent of the instructor. H ours 
to be arranged. Staff. Given in alternate years.
M otion of high energy particles through interstellar and in terplanetary  
space. Solar particles and Sun-Earth relations. Intensity tim e variations. Cos­
mic rays in  the geomagnetic field. Cosmic rays in the galaxy. T h e  origin of 
cosmic rays.
532. PHYSICS OF T H E  M AGNETOSPHERE
Spring term . Credit three hours. Prerequisite: consent of the instructor. H ours 
to be arranged. Staff. Given in alternate years.
Interaction between charged and neu tral components of the ionosphere. 
T idal theory of regular m agnetic variations. E quatorial anomaly. Sporadic E. 
S tructure and com position of the ionosphere. VLF and ELF emissions. R ad i­
ation belts. Aurora. M agnetic storms.
540. ADVANCED STUDY AND RESEARCH
E ither term . Credit one to four hours a term . Prerequisites: advanced standing 
in astronomy and consent of the instructor. Staff.
Upon sufficient dem and, seminars will be arranged from tim e to tim e in 
topics not currently  covered in regular courses. Typical sem inar subjects are 
high energy particles in astronomy, planetary  and lu n ar physics, geophysics.
560. TH EO RY  OF STELLAR ST R U C T U R E  AND EVO LUTIO N  
Fall term . Credit three hours. Prerequisite: graduate status w ith good physics 
background. Given upon sufficient dem and (usually in alternate years). T im e 
to be arranged. Staff.
Summary of observational facts. Dimensional analysis. N uclear reactions in 
stars. Models for static and evolving stars. Very massive objects and general 
relativity. W hite dwarfs and  neu tron  stars.
CHEMICAL ENG INEERING
Faculty: George G. Cocks, V ictor H. Edwards, R obert K. F inn, Peter H ar­
rio tt, Jay E. Hedrick, Jean P. L einroth, Jr., Ferdinand Rodriguez, George F. 
Scheele, Ju lian  C. Sm ith, Raym ond C. T horpe, R obert L. Von Berg, H erbert 
F. W iegandt, Charles C. W inding, R obert York.
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Field Representative: Charles C. W inding, 124 O lin H all.
M AJOR AND M INOR SUBJECTS
Biochemical Engineering M aterials Engineering
Chemical Engineering, G eneral N uclear Process Engineering
Chemical Processes and
Process Control
T o  qualify for admission, a studen t m ust have com pleted satisfactorily the 
equivalent of the fundam ental work requ ired  by an  accredited curriculum  in 
chemical engineering. O utstanding students who have received a baccalaureate 
degree w ith a m ajor in chemistry will also be considered for admission. N or­
m ally an ex tra  year of residence is required  of such students to make up  work 
in engineering fundam entals.
A student in a Ph.D. program  m ust dem onstrate reading ability  in  one 
foreign language chosen from French, G erm an, or Russian. T h ere  is no 
language requirem ent for the M.S. degree.
“Chemical Engineering, G eneral” is requ ired  of all students, e ither as a 
m ajor or as a m inor. Ph.D. candidates are required  to select one m inor w ith in  
the  Field and one m inor outside the Field. M.S. candidates may choose a m inor 
w hich can be w ith in  or outside the Field. Each M.S. candidate m ust pass an 
oral exam ination on his m ajor and m inor subjects and  on his thesis. Two 
exam inations are required  before a student is designated as a Ph.D. candidate. 
On recom m endation of the faculty, a student will be adm itted  to the w ritten 
Field exam ination. W hen th is exam ination has been passed to the satisfaction 
of the faculty of the Field, the student takes an oral com prehensive Admission 
to Candidacy Exam ination adm inistered by his Special Com m ittee. A fter the 
thesis has been com pleted, an oral F inal Exam ination, adm inistered by the 
Special Com m ittee and covering the thesis and related  topics, m ust be taken.
Candidates are expected to pursue a course of study and  research th a t will 
give them  a deeper com prehension of the basic and applied  sciences and will 
develop initiative, originality, and creative ability. T o  achieve this goal the 
student participates in  g raduate courses and sem inars and m ust com plete an 
original, individual investigation for a thesis. Theses may involve e ither ex­
perim ental research or special projects in  such subjects as design, economics, 
and m athem atical analysis. Specific program s are p lanned to fit the  objectives 
of the student and to develop original th inking. An arb itrarily  fixed series of 
courses is not required, bu t each student is expected to acquire a strong back­
ground in  applied m athem atics, chemical processes, rate  and  mass transfer 
processes, reaction kinetics, and therm odynam ics. O utside m inor subjects 
may be chosen from a wide variety of o ther Fields consistent w ith  the s tu ­
d en t’s objectives.
Research Opportunities
Fluid  dynamics, heat transfer, mass transfer, reaction kinetics, stage processes, 
and therm odynam ics may be regarded as the fundam entals of chemical engi­
neering. T h e  Cornell staff is actively working on or has interests in  m any such 
projects. A lthough particular projects actively in  progress are continually 
changing, some recent, specific research interests of particu lar staff m em bers 
are:
George G. Cocks: microscopy, properties of m aterials, solid state chemistry, 
crystallography.
CHEM ICAL EN G IN EER IN G  69
Victor H. Edwards: kinetics and process control in ferm entation.
R obert K. Finn: continuous ferm entation, agitation and aeration, processing 
biochemicals, electrophoresis, m icrobial conversion of hydrocarbons.
Peter H arrio tt: chemical kinetics and reactor design, process control, diffusion 
in m em branes and porous solids.
Jay E, Hedrick: economic analyses and forecasts.
Jean P. Leinroth: adsorption, residence tim e d istribution , chemical process 
development.
Ferdinand Rodriguez: non-N ew tonian flow, Redox reactions, electrical and 
mechanical properties of polym er systems, rheological phenom ena.
George F. Scheele: hydrodynam ic stability, effect of heat transfer on flow fields.
Ju lian  C. Smith: conductive transfer processes, flow of granual solids, heat 
transfer, mixing.
Raym ond G. T horpe: phase equilibria , fluid flow, kinetics of polym erization.
R obert L. Von Berg: liqu id-liqu id  extraction, reaction kinetics, effect of rad i­
ation on chemical reactions.
H erbert F. W iegandt: crystallization petroleum  processing, saline w ater con­
version, d irect contact heat transfer.
Charles G. W inding: degradation of polymers, polymer com pounding, filler- 
polym cr systems, differential therm al analysis.
R obert York: mass transfer, diffusion, therm odynam ic properties, production 
of shale oil, chemical m arket analyses.
Professional Degree
T h e  M aster of Engineering degree is the only professional engineering degree 
offered by Cornell University to presently en tering  students.
Admission to the M aster of Engineering (Chemical) degree program  is open 
to persons who have been granted a Bachelor’s degree or the equivalent, and 
whose background indicates th a t they can profitably study the advanced 
courses offered by the School of Chemical Engineering. T h e  purpose of this 
program  is to offer study in dep th  in both  comprehensive and specialized 
chemical engineering subjects and to prepare students for professional careers 
in  advanced engineering practice.
Courses
5105. ADVANCED CHEM ICAL EN G IN EER IN G  THERM ODYNAM ICS 
Credit three hours. Spring. T hree  lectures. Mr. Von Berg.
A pplication of the general therm odynam ics m ethod to advanced problems 
in chemical engineering. Evaluation, estim ation, and correlation of properties. 
Chemical and phase equilibria .
5106. REA CTIO N  KINETICS AND REA CTO R DESIGN 
Credit three hours. Fall. T h ree  lectures. Mr. Von Berg.
A study of chemical reaction kinetics and principles of reactor design for 
chemical processes.
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5107. ADVANCED REA CTIO N  KINETICS
Credit three hours. Fall. T h ree  lectures. Mr. H arrio tt.
Effects of heat transfer, diffusion, and nonideal flow on reactor perform ance. 
O ptim um  design for complex reactions. Analysis of cu rren t lite ra tu re  on topics 
such as partia l oxidation, catalytic cracking, hydrogenation, and polym eriza­
tion.
5108. COLLOIDAL AND SURFACE PHENOM ENA 
Credit three hours. Fall. Mr. Finn.
Lectures, dem onstrations, and problem s in  th e  physics and  chem istry of 
small particles and  surface films. Topics include surface energy, surface 
films, electrokinetics, and colloidal behavior.
5161. PHASE EQU ILIBRIA
Credit three hours. Fall. T h ree  lectures. Mr. T horpe.
A detailed study of the pressure-tem perature-com position-relations in b i­
nary and m ulticom ponent heterogeneous systems w here several phases are of 
variable composition. Prediction of phase data.
5205. CHEM ICAL PROCESS SEMINAR 
Credit two hours. Fall. Mr. W iegandt.
A discussion of recent advances in  chemical process developm ent.
5505, 5506. ADVANCED T R A N SPO R T  PHENOM ENA
Credit four hours each term . Fall, spring. Messrs. Scheele and  Smith.
An in tegrated treatm ent of m om entum , mass and hea t transfer. M olecular 
transport; the equations of change; viscous lam inar flow of N ew tonian and 
non-N ew tonian fluids; perfect fluid theory; boundary layer theory; unsteady- 
state transfer; penetra tion  theory models of mass and heat transfer; flow 
stability; tu rb u len t transport; sim ultaneous h ea t and mass transfer; ap p li­
cations to industrial operations.
5605, 5606, 5607, 5608. DESIGN PROJECTS 
Credit variable. Fall and spring. Staff.
Individual projects involving the design of chemical processes and  plants. 
Estim ation of costs of construction and operation, variation  of costs and  profits 
w ith rate of production, etc.
5609. ANALYSIS AND DESIGN OF PROCESS EQ U IPM EN T 
Credit th ree hours. Fall. Mr. Smith.
Discussion and  analysis of operating  principles, design, and  selection of 
chemical process equipm ent.
5621. PROCESS DESIGN AND ECONOMICS 
Credit six hours. Fall. Mr. York.
M ethods for estim ating capital and operating  costs. Performances, selection, 
design, and cost of process equipm ent. Process developm ent and  design. M ar­
ket research and surveys.
5622. PROCESS AND PLA N T DESIGN
Credit six hours. C ontinuation  of 5621. Mr. York.
Process design, including reactors, process equipm ent, and  separating  sys­
tems. Layout and model of process units. P lant location, design, and layout. 
Cost estimates and project evaluation; equivalent interest rate  of re tu rn  and 
discounted cash flow.
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5631. SEPARATION PROCESSES 
C redit three hours. Fall.
Problems involving the optim um  design of equipm ent for the physical 
separation of chemical m ixtures. P rim arily  for g raduate students.
5632. PROCESS EVALUATION AND DESIGN 
Credit four hours. Spring.
Techniques and case studies in evaluating chemical processes. Cost estim a­
tion for processes, equipm ent, and plant.
5635. M A RKETIN G  OF CHEM ICAL PRODUCTS 
Credit three hours. Fall. T hree  lectures. Mr. Hedrick.
Exam ination of m arketing activities, organizations, and costs in the dis­
tribu tion  of chemicals. A m arket research project is required.
5636. ECONOMICS OF T H E  CHEM ICAL EN TERPR ISE 
Credit three hours. Spring. T hree  lectures. Mr. Hedrick.
Research economics; feasibility studies; inform ation services; venture 
analysis; depreciation and am ortization; planning.
5641. INVENTIONS, PA TEN TS, AND TRA D E SECRETS 
Credit three hours. Fall, Mr. York.
Protection of inventions and trade secrets. S tatutory and o ther legal requ ire­
m ents for patentability  of inventions. Evaluation of patents. Role and m anage­
m ent of patents in p lanning growth and  expansion.
5642. DEVELOPM ENT ECONOMICS 
Credit three hours. Spring. Mr. York.
Planning, evaluation, and m anagem ent of developm ent activities in the 
process industries as related to research, processing, new products, m arkets, 
and long-range growth.
5717. PROCESS CO N TRO L
Credit th ree hours. Spring. Tw o lectures, one laboratory. M r. H arrio tt.
Dynamic response of processes and control instrum ents. Use of frequency 
response analysis, Laplace transforms, and electronic analogs to predict the 
behavior of feedback control systems.
5741. PETRO LEU M  REFIN IN G
Credit three hours. Spring. T hree  lectures. Mr. W iegandt.
A critical analysis of the processes employed in petroleum  refining.
5742. POLYMERIC M ATERIALS
Credit three hours. Fall. T hree  lectures. Mr. Rodriguez.
Chemistry of polym erization reactions, m anufacture and properties of syn­
thetic resins, fibers, plastics, and rubbers.
5743. PR O PER TIES OF POLYM ERIC M ATERIALS
Credit three hours. Spring. Prerequisite: 5742. Mr. Rodriguez.
Mechanical, electrical, and optical properties of polymers. Phenomenological 
aspects and m olecular theories of non-N ew tonian flow viscoelasticity and u lti­
m ate tensile properties.
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5745. ANALYSIS OF POLYM ERIC PROCESSES
Credit three hours. Fall. T h ree  lectures. Prerequisite: 5742. M r. Hedrick.
Technical and economic evaluations of the principal processes used in 
m anufacture of resins, plastics, and elastomers, including analyses of raw 
m aterials, reactor systems, product preparation , and  problem s in  d istribu tion  
and m arketing.
5746. CASE STUDIES IN  T H E  COM M ERCIAL D EVELOPM ENT OF 
CHEM ICAL PRODUCTS
Credit th ree hours. Spring. T h ree  lectures. Mr. Hedrick.
Detailed analysis of specific cases involving the developm ent of new chem ­
ical products. Particu lar emphasis is given to p lanning  activities, research 
justification, and m arket forecasting. Profitability calculations and projections 
are required.
5748. FE R M EN TA TIO N  ENG IN EERIN G
Credit three hours. Spring. Two lectures, one recitation. Mr. Finn.
An advanced discussion of ferm entation as a u n it process. Topics include 
sterilization, aeration, agitation, and continuous ferm entation.
5749. IN D U STRIA L MICROORGANISMS 
Credit one hour. Fall. One lecture. Mr. Finn.
A brief in troductory course in  m icrobiology for students w ith a good back­
ground in  chemistry.
5752. POLYMERIC M ATERIALS LABORATORY
Credit two hours. Fall. One laboratory. Prerequisite: 5742. M r. Rodriguez.
Experim ents in  the form ation, characterization, fabrication, and  testing of 
polymers.
5760. NUCLEAR AND REA CTO R ENG IN EERIN G  
Credit two hours. Spring. Two lectures. M r. Von Berg.
Fuel processing and isotope separation, radioactive waste disposal, fuel 
cycles, rad iation  damage, biological effects and hazards, shielding power 
reactors.
5859. ADVANCED CHEM ICAL MICROSCOPY
Credit variable. Offered on dem and either term . M r. Cocks.
Laboratory practice in special m ethods and  special applications of chemical 
microscopy.
5900. SEMINAR
Credit one hour. Fall, spring.
General chemical engineering sem inar required  of all g raduate students 
m ajoring in the Field of Chemical Engineering.
5903. SEMINAR IN BIOCHEM ICAL ENG IN EERIN G  
Credit one hour. Spring. Messrs. Edwards and Finn.
Advanced topics in the  engineering applications of biophysics and b io ­
chemistry. Discussion of curren t research in  the field.
5909. RESEARCH SEMINAR 
Spring. One lecture. Mr. W inding.
R equired  of all students enrolled in the predoctoral honors program . An 
in troduction  to the research m ethods and techniques of chemical engineering.
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5952, 5953, 5954. RESEARCH PR O JEC T
Credit three hours; additional credit by special permission. Fall, spring. Staff. 
Research on an original problem  in chemical engineering.
5955, 5956. SPECIAL PROJECTS IN CHEM ICAL EN G IN EERIN G  
Credit variable. E ither term . Staff.
Research or studies on special problem s in chemical engineering.
CHEMISTRY
Faculty: Andreas C. A lbrecht, Simon H. Bauer, Alfred T . Blomquist, James 
M. Burlitch, R ichard A. Caldwell, W. Donald Cooke, Vincent du  Vigneaud, 
M anfred Eigen, Elliot Ellson, R obert C. Fay, M ichael E. Fisher, Jack H. 
Freed, David H. Geske, Melvin J. Goldstein, Gordon G. Hammes, J. L. H oard, 
Roald Hoffmann, R obert E. Hughes, Edward Kostiner, F ranklin  A. Long, 
Jerrold  M einwald, W illiam  T . Miller, George H. M orrison, H ans M uxfeldt, 
R obert A. Plane, R ichard  F. Porter, H arold  A. Scheraga, M artin  F. Semmel- 
hack, Michell J, Sienko, David A. Usher, Benjam in W idom, Charles F. 
Wilcox, Jr., J. J. Zuckerman.
Field Representative: Charles F. W ilcox, Jr., 312 R  Chem istry Research 
Building.
M AJOR AND M INO R SUBJECTS 
Analytical Chem istry Organic Chemistry
Bio-organic Chemistry Physical Chemistry
Biophysical Chem istry Theoretical Chemistry
Inorganic Chemistry
Language requirem ent for the M aster’s degree: none. Language requirem ent 
for the Ph.D. degree: proficiency in Germ an or, w ith permission of s tu d en t’s 
Special Committee, Russian.
T he program  of g raduate study in the Field of Chem istry is designed to 
give a broad train ing  in  th e  fundam ental knowledge of chemistry and in 
m ethods of research. A graduate student will ordinarily  pursue these objectives 
by taking advanced courses, by participation  in organized and inform al 
sem inars and discussions w ith his associates and faculty members, and by 
carrying out and reporting  on a research project in his m ajor subject. Special 
opportunities are provided by (1) the M aterials Science C enter at Cornell, 
which supports several research assistantships for graduate students in chemis­
try, and (2) a N ational Institu tes of H ealth  T ra in in g  G rant which similarly 
provides trainee stipends for work in  bio-organic and biophysical chemistry. 
Upon com pletion of their study program , graduates norm ally go out to posi­
tions in research laboratories or to positions involving teaching and research.
Candidates for the degree of M aster of Science or Doctor of Philosophy with 
a m ajor in chemistry will be expected to offer for admission the equivalent of 
an A.B. degree with a m ajor in chemistry. Such train ing  should include courses 
in general chemistry, m athem atics, organic chemistry, physical chemistry, 
physics, and qualitative and quan titative analysis. Some experience w ith 
foreign languages, preferably Germ an and either French or Russian, is also 
regarded as essential. In  adm itting  students, emphasis is placed on quality 
of perform ance and prom ise for research as judged by those best acquainted 
w ith applicants. Unusually prom ising students may be adm itted with d e­
ficiencies in undergraduate training. In  such cases, work designed to make up
74 CHEM ISTRY
the deficiencies will be required, and more th an  the usual period of residence 
may be necessary.
Proficiency tests will be required  of all en tering  candidates for advanced 
degrees (M.S. or Ph.D.) w ith a m ajor in chemistry. These tests are given a few 
days before registration for the fall term  and cover the divisions of analytical, 
inorganic, organic, and physical chemistry. Each test will be about two and 
one-half hours in length and will cover m aterial norm ally presented in  ele­
m entary courses in the subjects listed above. T h e  results of these tests will 
be used to aid the student's Special Com m ittee in the p lanning  of his program  
of study. W hile the results will not be considered in the usual sense of 
“passing” or “failing,” low m arks in  one o r m ore of th e  tests may require 
enrollm ent in  elem entary courses.
G raduate students are encouraged to carry on research du ring  the summer, 
and a num ber of Sum m er Research fellowships are available for th is purpose.
G raduate students are required  to register w ith the D epartm ent of C hem ­
istry on the registration days a t the beginning of each term . E ntering  students 
will consult w ith the Chairm an of the D epartm ent and w ith professors com­
posing th e ir tem porary Special Committees.
In  addition  to the courses in chemistry, a tten tion  is directed to courses in 
biochem istry, chemical engineering, and  m athem atics and  physics.
A graduate student who desires to take a m inor subject in  Chem istry w ith a 
m ajor subject from some Field o ther th an  Chem istry will be required  to offer 
or acquire a satisfactory background for advanced work. T h is will ordinarily  
consist of an introductory course in general chem istry and of interm ediate 
courses prerequisite to advanced work in  the m inor subject in  Chem istry. T he 
work in  his m inor subject in Chem istry comprises advanced study planned 
w ith the approval of his Special Committee.
Specific inquiries from prospective graduate students are welcomed and  
should be addressed to the Field Representative or to any m em ber of the 
faculty. A pplications for teaching fellowships or research assistantships should 
be addressed to the Field R epresentative of the D epartm ent of Chemistry, 
Baker Laboratory. A brochure entitled  Graduate W ork in Chemistry at 
Cornell is available from the Field Representative.
Courses
411. INORGANIC CHEM ISTRY LABORATORY
Fall term. Credit four hours. Prerequisite or parallel course: Chemistry 387, 
o r consent of the instructor. H ours to be arranged. Mr. Zuckerman.
Laboratory experim ents illustra ting  the techniques and  scope of m odern 
inorganic chemistry.
421. IN T R O D U C T IO N  T O  INORGANIC RESEARCH
E ither term . C redit two or four hours. Prerequisites: Chemistry 387-388 or 
285-286 at an average of 80 or better, and consent of the instructor. H ours to 
be arranged. Messrs. Burlitch, Fay, Kostiner, Plane, Porter, Sienko, and 
Zuckerman.
Inform al advanced laboratory and library  work, p lanned  individually in 
consultation w ith a staff m em ber, involving the p reparation  and  character­
ization of inorganic substances. A w ritten  rep o rt is required .
426. IN STR U M EN TA L ANALYSIS
Spring term . Credit four hours. Prerequisite: Chemistry 285 or 387 o r consent 
of the instructor. E nrollm ent is lim ited. L aboratory may be taken separately
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by graduate students. Lectures, T  T h  10:10. Discussion period to be arranged. 
Laboratory, one afternoon a week, to be arranged. Mr. Gulick and assistants.
A discussion of the broad aspects of m odern analytical chemistry, including 
opticom etric, electrometric, nuclear, and mass spectrom etric methods.
433. IN T R O D U C T IO N  T O  ANALYTICAL RESEARCH 
E ither term . Credit two or four hours. Prerequisite: Chem istry 388 w ith an 
average of B— or better or consent of the instructor. H ours to be arranged. 
Messrs. Cooke, Geske, and M orrison.
Inform al research in the Field of Analytical Chemistry involving both labo­
ratory and library work.
456. ID E N T IFIC A TIO N  OF ORGANIC COMPOUNDS
Spring term . C redit two hours. Prerequisite: Chem istry 358. E nrollm ent is 
lim ited; registrants who do no t appear a t the first m eeting of th e ir  section 
will forfeit th e ir registration. Discussion-laboratory, M W  1:25-4:25; T  T h  
8-11; T  T h  1:25-4:25; or F 1:25—1:25 and S 8-11. Scheduled prelim inary 
exam inations may be held in the evenings.
A laboratory course designed to illustrate bo th  classical and spectroscopic 
m ethods for determ ining the structures of organic com pounds.
457. ADVANCED ORGANIC ANALYTICAL LABORATORY
Spring term . Credit four hours. Prim arily  for seniors and graduate students in 
chemistry. Prerequisites: Chemistry 358 and Chem istry 426, or Chemistry 525, 
or consent of the instructor. Discussion, T  T h  8. Laboratory, th ree of the 
following periods: T  T h  8-11, M T  W  T h  F 1:25-4:25, S 10:10-1:10.
L aboratory problem s illustra ting  the applications of instrum ental analytical 
techniques to organic research.
461. IN T R O D U C T IO N  T O  ORGANIC RESEARCH
E ither term . Credit two to four hours. Prerequisites: 456 or 457 and consent 
of the instructor. Prim arily for seniors and graduate students as p reparation  
for advanced and independent work. Enrollm ent lim ited  for undergraduates 
to those having a record of B— o r better in  prerequisite courses. L aboratory 
and weekly discussion meeting: hours to be arranged. Messrs. Blomquist, 
Caldwell, Goldstein, M einwald, M iller, M uxfeldt, Semmelhack, Usher, and 
Wilcox.
465-466. ORGANIC CHEM ISTRY
T hroughou t the year. C redit four hours a term . Prerequisite: Chem istry 358. 
Chemistry 465 is prerequisite to 466. P rim arily  for juniors, seniors, and g radu­
ate students. Enrollm ent lim ited for undergraduates to those having a record 
of B— or better in  previous courses in  organic chemistry. Lectures, M W  F 
12:20. Discussion, to be arranged. Fall term , Mr. Wilcox; spring term , Mr. 
M uxfeldt.
Fall term: structural theory; resonance: m ethods of structure dete rm ina­
tion: conform ational analysis and o ther aspects of stereo-chemistry; in troduc­
tion to reaction mechanisms; synthesis and  characteristic reactions of hydro­
carbons. Spring term: synthesis and reactions of the principal classes of organic 
com pounds, w ith an emphasis on newer developments: the application  of 
m echanistic reasoning to synthetic problem s; m ulti-step syntheses.
[474. PHYSICAL CHEM ISTRY OF H IG H  POLYMERS]
Spring term . Credit four hours. Prerequisite: Chem istry 286 or 388 or consent 
of the instructor. Prim arily for g raduate students. Lectures, T  T h  8, S 9:05. 
N ot offered in  1967-1968.
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477. IN T R O D U C T IO N  T O  RESEARCH IN PHYSICAL CHEM ISTRY 
Credit two to four hours. Prerequisites: Chemistry 388 a t an average of B—- or 
better and consent of the instructor. H ours to be arranged. Messrs. A lbrecht, 
Bauer, Fisher, Freed, Hammes, H oard, Hoffm ann, Hughes, Long, Porter, 
Scheraga, and W idom.
Inform al advanced laboratory and library  work in  physical chemistry, 
p lanned  individually in  consultation w ith  a staff m em ber.
481. ADVANCED PHYSICAL CHEM ISTRY
Fall term . Credit four hours. Prerequisite: Chem istry 286 or 388. Lecture: 
M W  F 9:05. Discussion section to be arranged. M r. W idom .
A discussion of advanced topics in physical chemistry, including an  in tro ­
duction to the principles of quantum  theory and  statistical mechanics, atom ic 
and m olecular spectra, and elem entary valence theory.
505-506. ADVANCED INORGANIC CHEM ISTRY
T hroughou t the year. C redit four hours a term . Prerequisite or parallel 
course: Chem istry 387-388 or 285-286, or consent of the instructor. Chem istry 
505 is prerequisite to Chem istry 506. Open to juniors, seniors, and  graduate 
students. Lectures, M W  F 11:15. Fall term , instructor to be announced; spring 
term , Mr. Sienko.
Theories of atom ic structure and chemical bonding are applied system­
atically to the elem ents as they appear in the Periodic System, w ith  emphasis 
on the stereochemistry of inorganic substances.
515-516. SELECTED TOPICS IN  ADVANCED INO RG AN IC CHEM ISTRY 
T hro u g h o u t the year. C redit two hours a term . Students may register for 
either term  separately. Prerequisite: Chemistry 388. Lectures, T  T h  12:20. 
Messrs. B urlitch and Fay.
D etailed consideration is given each term  to one or two special topics 
selected from the field of theoretical and  experim ental inorganic chemistry. 
Topics are varied from year to year.
525. ADVANCED ANALYTICAL CHEM ISTRY
Fall term . Credit four hours. Prerequisite: Chem istry 286 o r 388. For 
g raduate students only except by consent of the  instructor. Lectures, M W  F 8. 
Exam inations, T  7:30 p.m. Mr. Cooke.
T h e  application of m olecular spectroscopy to chem ical problem s. Topics 
discussed include ultraviolet, infrared, NM R, R am an, an d  mass spectroscopy.
527. ADVANCED ANALYTICAL CHEM ISTRY
Spring term . Credit four hours. Prerequisite: Chem istry 286 or 388. Prim arily 
for graduate students. Lectures, M W  F 8. Mr. Geske. Offered in  a lternate 
years.
An intensive exam ination of contem porary electroanalytical chemistry, elec­
trode kinetics, voltam m etry including polarography, coulom etry, and chrono- 
potentiom etry. Study of chrom atographic separation including gas chrom atog­
raphy. Analytical significance of nonaqueous solutions.
565. PHYSICAL ORGANIC CHEM ISTRY
Fall term . C redit four hours. Prerequisites: Chemistry 465—166 or consent of 
the instructor. Prim arily for graduate students. Lectures, T  T h  S 12:20. Mr. 
Caldwell.
Mechanisms of organic reactions, w ith particu lar a tten tio n  paid  to the 
properties of reactive interm ediates: carbonium  ions, carbanions, free rad i­
cals. carbenes, and  electronically excited molecules.
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[566. PHYSICAL ORGANIC CHEM ISTRY]
Spring term . Credit th ree hours. Prerequisite: Chem istry 565 or consent of 
the instructor. P rim arily  for graduate students. Lectures, T  T h  12:20. N ot 
offered in 1967-68.
Q uantita tive aspects of organic chemistry.
568. CHEM ICAL PATHWAYS IN METABOLISM
Fall term . Credit four hours. Prerequisites: Chem istry 358 and 388, or their 
equivalents. Prim arily  for g raduate students. Lectures, T  T h  S 8. M r. Usher.
Bioenergetics, m etabolic pathways, origin of life. T h is course forms the 
chemical basis for the graduate program  in  m olecular biology.
[570. SELECTED TOPICS IN ORGANIC CHEM ISTRY]
Fall term . Credit three hours. Prerequisites: 465-466 or consent of the in ­
structor. P rim arily  for g raduate students. N ot offered in  1967-68.
572. ORGANIC MECHANISMS AND ENZYME CATALYSIS
Spring term . Credit four hours. Prerequisites: Chem istry 357-358 or equivalent,
and a course in general biochemistry. Prim arily  for g raduate students in
chem istry and biochemistry. Lectures. M W  F 11:15. Messrs. H am m es and
Usher.
Model systems, functional groups, coenzymes; enzymes, kinetics, mechanism . 
[574. CHEM ISTRY OF N A TU RA L PRODUCTS]
Spring term . Credit three hours. Prerequisites: Chem istry 456 or 457, and  465- 
466. Prim arily  for g raduate students. Lectures, T  T h  12:20; discussion period, 
M 4:30. N ot offered in  1967-68.
Particular a tten tion  will be devoted to m ethods of structure determ ination  
and synthesis as applied  to selected terpenes, steroids, alkaloids, and  an ti­
biotics.
[577. CHEM ISTRY OF NUCLEIC ACIDS]
Fall term . C redit four hours. Prerequisites: Chem istry 358 and  388, o r their 
equivalents. P rim arily  for g raduate students. Lectures, T  T h  S 8. N ot offered 
in  1967-68.
578. THERM ODYNAM ICS
Spring term . Credit four hours. Prerequisite: 286 or 388. P rim arily  for g radu­
ate students. Lectures, T  T h  S 9:05, and  a discussion period to be arranged. 
Mr. H oard.
Development of the general equations of therm odynam ics from the first and 
second laws. A pplications to th e  study of physicochemical equ ilib ria  in  gases, 
liquids, solids, and liqu id  solutions. Problems.
580. KINETICS OF CHEM ICAL REACTIONS
Fall term . Credit four hours. Prerequisites: Chem istry 481 and 578, or consent 
of the instructor. Lectures, M W  F 9:05. Mr. Hammes.
Principles and  theories of chemical kinetics; special topics including fast 
reactions in liquids, enzymatic reactions, shock tubes and  m olecular beams.
582. SPECIAL TOPICS IN M OLECULAR BIOLOGY
Spring term . Credit four hours. Prerequisite: Chem istry 568 or consent of the 
instructor. Prim arily for g raduate students. Lectures, T  T h  S 11:15.
D etailed consideration is given to several special topics selected from recent
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research activity in  the field of m olecular biology. Topics are varied from year 
to year.
586. PHYSICAL CHEM ISTRY OF PR O TEIN S
Spring term . Credit four hours. Prerequisite: Chem istry 286 or 388. Prim arily  
for g raduate students. Lectures, M W  F 8 and  S 10:10; occasional lectures, 
W  7:30 p.m. Mr. Scheraga.
Chemical constitution, m olecular weight, and  structural basis of proteins; 
therm odynam ic, hydrodynam ic, optical, and electrical properties; protein  and 
enzyme reactions; statistical mechanics of helix-coil transition  in  biopolymers; 
conform ation of biopolymers.
589. X RAY CRYSTALLOGRAPHY
Fall term . Credit four hours. Prerequisite: Physics 322 or consent of the 
instructor. M W  F 12:20. Offered in a lternate years. M r. H oard.
Space groups, reciprocal lattices, three-dim ensional diffraction, in te rp re ­
tation  of x ray diffraction data, structure determ ination  by Fourier synthesis.
593. QUA NTU M  MECHANICS I
Fall term . Credit four hours. Prerequisites: Chem istry 279 and  Physics 303 
(or coregistration in Physics 319) or their equivalents, and coregistration in 
M athem atics 421 (or equivalent), or consent of the instructor. Lectures, T  T h  
8:30-9:50. Mr. Fisher.
Schrodinger’s equation , wave packets, uncerta in ty  principle, W KB theory. 
M atrix mechanics, orbital and spin angular m om entum , exclusion principle, 
pertu rba tion  theory, variational principle, B orn-O ppenheim er approxim ation. 
A t the level of Bohm, Q uantum  Theory.
594. QUA NTU M  MECHANICS II
Spring term . Credit four hours. Prerequisite: Chem istry 593 or its equivalent. 
Lectures, M W  F 11:15. Mr. Freed.
T im e-dependent phenom ena in quan tum  mechanics and  interaction  w ith 
radiation . G roup theory and applications. Topics in m olecular quan tum  
mechanics. At the level of T inkham , Group Theory and Q uantum  Mechanics.
596. STA TISTICA L MECHANICS
Spring trem . Credit four hours. Prerequisite: Chem istry 593 or equivalent is 
desirable b u t not required. Prim arily  for g raduate students. Lectures, T  T h  
8:30-9:50. Mr. Fisher.
Ensembles and partition  functions. T herm odynam ic properties of ideal 
gases and crystals. T h ird  law of therm odynam ics, equ ilib rium  constants, vapor 
pressures, im perfect gases, and virial coefficients. D istribution  and  correlation 
functions. Lattice statistics and phase transitions. Bose-Einstein and Fermi- 
D irac ideal gases. Maxwell theory of viscosity and heat conduction. At the level 
of T . L. H ill, Statistical Thermodynam ics.
598. SELECTED TOPICS IN PHYSICAL CHEM ISTRY 
E ither term . Credit two o r four hours.
D etailed consideration is given to special topics selected from the  field of 
theoretical and experim ental physical chemistry. Topics are varied from year 
to year.
600. GENERAL CHEM ISTRY SEMINAR
T hroughou t the year. No credit. T h  4:40. A series of talks representative of 
all fields of curren t research interest in chemistry, given by advanced g rad u ­
ate students, research associates, faculty mem bers, and distinguished visitors.
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601-602. IN TR O D U C TO R Y  GRADUATE SEMINAR IN ANALYTICAL, 
INORGANIC, AND PHYSICAL CHEM ISTRY
T hroughou t the year. No credit. H ours to be arranged. R equired  of all first- 
year g raduate students m ajoring in analytical, inorganic, physical, and theo­
retical chemistry, and m olecular biology. Mr. Zuckerman.
Weekly seminars on contem porary topics prepared and presented by first- 
year graduate students. A ttention given to details of selecting, preparing, 
and presenting a given topic. G roup partic ipation  emphasized.
650-651. GRADUATE SEMINAR IN ORGANIC CHEM ISTRY 
T hroughou t the year. No credit. Open to qualified juniors, seniors, and 
graduate students. R equired  of all g raduate students m ajoring in organic 
chemistry. M 8:15 p.m. Mr. Usher.
700. BAKER LECTURES
T  T h  11:15. Fall term: V. Prelog, Technische Hochschule, Zurich. Spring 
term: G. Herzberg, N ational Research Council, O ttaw a, Canada.
CIVIL ENG INEERING
Faculty: Vaughn C. Behn (Sanitary); Donald J. Belcher (Aerial Photographs): 
George H. Blessis (Construction Engineering and A dm inistration); W ilfried 
Brutsaert (Hydrology); N ephi A. Christensen (Hydraulics); Leonard B. Dworsky 
(W ater Resources, Pollution Control); Melvin I. Esrig (Soils): Louis M. Falk- 
son (Applied W elfare Economics); G ordon P. Fisher (Structures and E n­
vironm ental Systems); R ichard H . G allagher (Structures); Charles D. Gates 
(Sanitary); Peter Gergely (Structures); W alter H. G raf (Hydraulics); David 
J. Henkel (Soils); W illiam  L. H ew itt (Subgrades, Pavements); Alonzo W. 
Lawrence (Sanitary); T aylor D. Lewis (Transportation); T a  Liang (Aerial 
Photographs, Physical Environm ent); Jam es A. Liggett (Hydraulics); Daniel 
P. Loucks (W ater Resources Engineering); W alter R . Lynn (Environm ental 
Systems); George B. Lyon (Surveying); W illiam  M cGuire (Structures); A rthur 
J. M cNair (Geodesy-Photogrammetry); A rthur H. N ilson (Structures); Charles 
S. ReVelle (Environm ental Systems); R obert G. Sexsmith (Structures); Floyd 
O. Slate (Engineering Materials): R ichard  N. W hite (Structures); George 
W inter (Structures).
Field Representative: W illiam  M cGuire, 218 H ollister H all.
MAJOR AND M INO R SUBJECTS 
M ajor Subjects 
Aerial Photographic Studies 
(M.S. only)
Construction Engineering and 
A dm inistration (M.S. only) 
Environm ental Systems Engineering 
Geodetic and  Photogram m etric 
Engineering 
Hydraulics and Hydrology 
Sanitary Engineering 
Soil Mechanics and
Foundation Engineering 
Structural Engineering 
T ransporta tion  Engineering 
W ater Resources Engineering 
(Ph.D. only)
M inor Subjects 
Aerial Photographic Studies 
Construction Engineering and 
A dm inistration 
Environm ental Systems Engineering 
Geodetic and Photogram m etric 
Engineering 
Hydraulics and Hydrology 
Sanitary Engineering 
Soil Mechanics and Foundation 
Engineering 
Structural Engineering 
Structural Mechanics 
T ransporta tion  Engineering 
W ater Resources Engineering
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PROFESSIONAL DEGREE.
T h e School of Civil Engineering also offers the professional degree of Master 
of Engineering (Civil) which is intended prim arily  for those students who 
in tend  to en ter engineering practice and who do not in tend  to obtain  the 
doctorate. W ork for th is degree consists of courses w hich are designed to give 
the studen t a background in  the elements of engineering design as well as 
a broad fundam ental base. Those choosing the professional degree m ay con­
centrate their studies tow ard one or m ore of the sub-areas of civil engineering 
listed below or they may take a broad program  w ithout specific concentration.
ADMISSION REQ U IREM EN TS. T o  be adm itted  for g raduate study in the 
Field of Civil Engineering, an  applicant should hold  a Bachelor’s degree (or 
equivalent) in  engineering, m athem atics, or the sciences from a college of rec­
ognized standing.
LANGUAGE REQ U IREM EN TS. T h ere  are no language requirem ents for the 
M.S. degree in  Civil Engineering or M .Engr. (Civil) degree. T h e  Ph.D. re ­
quires a reading knowledge of one foreign language, usually French, Germ an, 
or Russian.
EXAM INATIONS. Civil Engineering requires a final com prehensive exam ­
ination  for the M.S. degree. For the Ph.D. degree the student m ust take (a) a 
qualifying exam ination shortly after receiving his M.S. (which may be com ­
bined w ith  the exam ination for the M.S.) or, if he comes to Cornell w ith an 
M.S., shortly after arrival; (b) a general exam ination on subject m atter taken 
approxim ately a t the tim e he completes his course work; and (c) a F inal Exam ­
ination  in  which the student is required  to defend his dissertation.
FIN AN CIAL AID. Fellowships, traineeships, research assistantships, teaching 
fellowships, and laboratory assistantships are available to students seeking 
financial aid.
A dditional inform ation on specific program s is available by w riting to the 
Field Representative, School of Civil Engineering. Study and  research is 
usually carried on in  one of the following areas:
Courses and Research 
CIVIL ENGINEERING— GENERAL
2001. THESIS
T h e thesis gives the student an opportun ity  to work ou t a special problem  or 
to m ake an engineering investigation, to record the  results of his work, and 
to ob tain  academic credit for such work. R egistration for thesis m ust be 
approved by the professor in  charge a t the beginning of the  semester du ring  
which the work is to be done.
Individual courses may be arranged to suit the requirem ents of graduate 
students. T hey are in tended to be pursued under the im m ediate d irection of 
the professor in  charge, the studen t usually being free from th e  restriction of 
the classroom and  working either independently  o r in  conjunction w ith 
others taking the same course.
2002. CIVIL ENG IN EERIN G  PRACTICE
Credit th ree  hrs. On dem and. Prerequisite: fourth  year or g raduate standing. 
Analysis of large engineering works; p lanning  and organizing engineering
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and construction projects; professional practice; feasibility evaluations; finan­
cial justification of projects; social and political im plications. T h e  case 
m ethod will be used extensively.
2010. CIVIL ENG IN EERIN G  DESIGN PR O JE C T , I
C redit two hrs. Fall. N orm ally required  for students in  the M.Eng. (Civil) 
Program, First term  of a two-term sequence.
Design of a m ajor civil engineering project em bodying several aspects of 
civil engineering. P lanning and p a rt of prelim inary design to be accomplished 
in  the fall term . R em ainder of prelim inary  design and final design in the 
spring term . Projects to be carried ou t by students working under the direction 
of a Faculty Project Coordinator.
2011. CIVIL EN G IN EERIN G  DESIGN PR O JE C T , II
Credit three hrs. Spring. Prerequisite: 2010. N orm ally required  for students 
in the M.Eng. (Civil) Program.
C ontinuation  of 2010.
ENVIRONM ENTAL SYSTEMS ENGINEERING
Environm ental Systems Engineering is a un iq u e activity w hich has as its 
m ain th rust the application of systems analysis,^operations research, and 
economics to the complex and massive technological problem s of m odern 
society. It is concerned w ith m ethods of allocation of resources in the public 
sector and w ith enhancem ent of the quality  of inform ation required  for 
rational decision-m aking. Emphasis is given to transportation  systems; air, 
water, and o ther natu ral systems; engineering (especially construction) project 
m anagem ent; structural optim ization and reliability , and autom ated design; 
solid waste disposal; and control of epidem ic diseases. T h ere  is special interest 
in the problem s of urbanization, including an in tegrated approach to the 
many technological and p lann ing  aspects of m odern urban  areas, and associ­
ated social and political factors.
Substantial effort is d irected to research on large-scale problem s such as 
in te ru rban  and u rb an  transportation  networks, transport term inal facilities 
and in term odal transfer efficiency, river basin studies, rationalization  of com­
plex construction projects, associated land use patterns and land values, and 
public investm ent. T h e  economics, p lanning, and m anagem ent of all forms 
of m an-m ade and natu ral environm ent are stressed.
T hrough  established relationships w ith the D epartm ents of City and 
Regional P lanning (College of A rchitecture, A rt, and Planning), O perations 
Research, Geotechnical Engineering, S tructural Engineering, W ater R e­
sources Engineering, and w ith m any o ther parts of the University, students 
are encouraged to take advantage of a large variety of ancillary course 
offerings th a t support the general program  of study.
Candidates for advanced degrees are considered w ith undergraduate or 
graduate work in any area of civil engineering, in operations research and 
industrial engineering, and in economics. Arrangem ents for students w ith 
o ther backgrounds and well-developed career objectives will be favorably 
considered.
201. M ICROECONOM IC ANALYSIS
Credit th ree hrs. Fall. Lectures, M W  10:10 plus recitation  section. P re­
requisite: one year of college-level m athem atics.
Topics include the theory of the firm, of production, of m arket structures, 
of consumer behavior, and of welfare economics.
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202. MACROECONOMIC ANALYSIS
Credit three hrs. Spring. Lectures, M W  (F) 10:10 plus recitation  section. 
Prerequisite: 201.
Topics include the theory of in ternational trade, national income dete rm ina­
tion, economic growth and stability, and m onetary and  fiscal policy.
2602. LAW FO R ENGINEERS 
Credit three hrs. Fall. T hree  lectures.
Basic features of laws and practices relating  to contracts, torts, agency, 
property, w ater rights, business organizations, sales, insurance, labor, govern­
m ental regulation of business, negotiable instrum ents, w orkm en’s com ­
pensation, patents, ethical responsibilities of the engineer; term  paper, 
com parative analysis of the legal principles which affected the court decisions 
in  some actual cases.
2604. CO N STRU C TIO N  ENG IN EERIN G  
Credit three hrs. Fall. T hree  recitations.
Introduction  to methods, equipm ent, and engineering principles and 
procedures involved in  construction activities; m ajor em phasis is on heavy 
construction such as large earth-m oving projects, tunnels, caisson foundations, 
etc.
2611. ECONOMICS OF ENVIRON M ENTA L QUALITY M ANAGEM ENT 
Credit four hrs. Fall. Prerequisite: 201 or equivalent.
A graduate sem inar devoted to theoretical welfare economics and its ap p li­
cation to the m anagem ent of environm ental quality.
2612. APPLIED W ELFARE ECONOMICS
C redit one to four hrs. On dem and. Prerequisite: perm ission of the in ­
structor.
T his sem inar is an extension of 2611 w ith substantially greater emphasis 
on the application of welfare economics, statistics, and systems analysis to 
public investm ent decisions.
2617. ENVIRON M ENTA L SYSTEMS ANALYSIS I
Credit th ree hrs. T hree  lectures. Fall. Prerequisite: perm ission of th e  in ­
structor. Intended for graduate students bu t open to qualified undergraduates.
S tructuring and solution of m athem atical program m ing models w ith em ­
phasis on linear program m ing and its extensions. Introduction  to Lagrangian 
m ultipliers, dynam ic program m ing, queu ing  theory and game theory. A ppli­
cation of systems analysis techniques to the solution of complex environ­
m ental engineering-economic problems.
2618. ENV IRON M ENTA L SYSTEMS ANALYSIS II
Credit three hrs. T hree  lectures. Fall or spring. Prerequisite: 9320, 9522, or 
9530, or permission of the instructor.
Advanced topics in  the application of m athem atical program m ing and 
probability  theory to the solution of environm ental engineering problems. 
Special emphasis on w ater resource systems p lanning  and m anagem ent. 
Students will be expected to identify and  solve practical problem s using 
systems analysis techniques.
2621. TH EO RY  OF TRA FFIC  FLOW.
C redit th ree hrs. On dem and. Prerequisite: perm ission of the instructor.
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2622. T R A N SPO R T A T IO N  SYSTEMS ANALYSIS
C redit three hrs. On dem and. Prerequisite: 2617 or 9522 or equivalent.
Techniques of systems analysis are applied to physical p lanning, operating, 
and financing of transportation  facilities. W herever applicable, m athem atical 
models of transportation  processes are used to exam ine questions related to 
the developm ent of optim al public policy decisions in the area of transpor­
tation. A ttention is given to analysis of single and m ultim odal forms of 
transportation . M ethods of m athem atical program m ing, sim ulation, and 
stochastic processes are employed in  studies of these systems.
2626. TRA FFIC ENGIN EERIN G
Credit three hrs. Spring. Two recitations, one laboratory. Prerequisite: p e r­
mission of the instructor.
City and highway traffic surveys and designs. Accidents, congestion, delay, 
speed, volume, density, parking, channelization, lighting, traffic control, and 
routing. Signs, signals, and markings. U rban traffic consideration in city 
planning. D river reactions and hab it pattern . Traffic engineering organization. 
Knowledge of d igital com puter program m ing procedures desirable b u t not 
m andatory.
2628. HIGHW AYS AND A IRPO R TS
Credit three hrs. On dem and. Prerequisite: 2601 or permission of the 
instructor. R oute selection; design controls and criteria, including vehicle 
characteristics and highway capacity; sight distance, and horizontal and vertical 
control; right-of-way problem s and access control; geometries; at-grade in te r­
section design; rotary and channelized intersection; grade separations and 
interchanges; regional systems of highways. A irport site selection, m aster 
plan, term inal facilities, heliports.
2631. CO N STRU C TIO N  M ANAGEM ENT 
Credit three hrs. Spring.
Planning and operation of construction projects by the civil engineer: 
coordinated organizations and control of m en, materials, and machines; 
scheduling, estim ating; purchasing; selection and train ing  of employees, 
operation  and m aintenance of equipm ent; cost control; accident prevention; 
and o ther topics. Special reports required.
2691. ENV IRON M ENTA L SYSTEMS DESIGN PR O JEC T
Credit variable. On dem and. Prerequisite: permission of the instructor. May 
extend over two semesters.
Design or feasibility study of environm ental systems, supervised and 
assisted by one or m ore faculty advisors. Individual or group participation. 
Final report required.
2692. ENV IRON M ENTA L SYSTEMS EN G IN EERIN G  RESEARCH
Credit variable. On dem and. Prerequisite: p reparation  m ust be suitable to 
the investigation to be undertaken; permission of the instructor is required. 
For investigation in dep th  of particular environm ental systems problems.
2693. ENV IRON M ENTA L SYSTEMS EN G IN EERIN G  COLLOQUIUM  
Credit one to two hrs. Fall or spring. R equired  of all graduate students 
w ith a m ajor or m inor in Environm ental Systems Engineering. Open to 
advanced undergraduates by permission of the instructor.
Preparation, presentation, and inform al discussion of topics concerned w ith 
environm ental systems.
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2694. SPECIAL TOPICS IN  ENV IRON M ENTA L SYSTEMS EN G IN EER IN G  
Credit variable. On dem and.
Supervised study by individuals or small groups in  one o r m ore specialized 
topics not covered in regular courses.
In  addition  to the above listed courses, m any courses in  City and  Regional 
P lanning (College of A rchitecture, A rt, and Planning), Business and Public 
A dm inistration, Economics (College of Arts and  Sciences), and  especially 
O perations Research (see page 151) may be used to support studies in the 
general subject area of Environm ental Systems Engineering.
GEOTECHNICAL ENGINEERING
Geotechnical Engineering is concerned w ith  the  study of the engineering 
properties and use of earth  m aterials and w ith the  m easurem ent of the darth  
and its com ponent parts. I t  includes soil and rock mechanics, foundation 
engineering, subgrades and  pavements, studies of aerial photographs and 
o ther rem ote sensors, physical environm ent evaluation, surveying, geodesy 
and photogram m etry.
G raduate program s are designed to provide a sound theoretical and  practical 
background in  the various branches of the subject. T h e  research interests of 
the faculty m em bers cover a wide range of problem s, and m odern laboratory 
facilities are available to students for both  teaching and  research.
In  soil m echanics and  foundation engineering the cu rren t research is on 
strength  and deform ation properties of soils un d er a variety of loading 
conditions, and on the effects of passing electric currents th rough  the soil. 
T h e  m ethods of prediction and control of landslides are also being studied 
together w ith  the soil mechanics problems related  to vehicle m obility. In 
geodesy, surveying and photogram m etry, the research em phasis is on the 
developm ent of photogram m etric methods for the m easurem ent of the shape 
of large surfaces, such as th a t of the Arecibo R adio Astronomy Telescope, 
as well as of small surfaces such as of the hum an eyeball. T h e  developm ent 
of m ethodology for the m easurem ent of earth  movements is also being studied. 
Research is continuing in  analytic aerotriangulation .
T h e  work on aerial photographs and  o th er rem ote sensing devices is 
concerned w ith physical environm ent evaluation; the  use of satellites as p la t­
forms for rem ote sensing; the study of dam , railroad, and canal locations; 
and  inventories of n a tu ra l resources. A large library of photographs from 
all over the  world is available for study and research.
Soil Mechanics and Foundation Engineering, 
Subgrades and Pavements
2406. FO U N D A TIO N  EN G IN EERIN G
C redit th ree hrs. Spring. T h ree  lectures. Prerequisite: 2401.
Principles of bearing capacity and  deform ation theory; stress d istribution; 
shallow and  deep foundations; prediction of settlem ent; design of footing, 
raft, caisson and pile foundations. Problem s of construction, support of 
excavations; ground w ater lowering. Foundation  investigations.
2410. ENG IN EERIN G  PR O PER TIES OF SOILS 
Credit th ree hrs. Fall. T h ree  lectures. Prerequisite: 2401.
T h e  n a tu ra l environm ents in  which soils are formed; the chemical and
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physical nature of soils; soil classification; the principle of effective stress; 
shear strength and compressibility of satu rated  and partly  saturated  soils; 
sensitivity; effects of anisotropic consolidation; perm eability; laboratory and 
field tests.
2412. GRADUATE SOIL MECHANICS LABORATORY 
Credit three hrs. Spring. Prerequisite: 2410.
T h e  laboratory m easurem ent of soil properties: classification tests; direct
shear tests; triaxial tests for the m easurem ent of pore water pressure; strength 
param eters. Pore pressure dissipation tests. R elationship of laboratory tests 
to field behavior.
2414. EA R TH  PRESSURE AND SEEPAGE
Credit th ree hrs. Fall. T hree lectures. Prerequisite: 2401.
T he mechanics of the developm ent of earth  pressure in relation to soil
properties and the imposed deform ation conditions. T h e  effects of seepage 
on the developm ent of earth  pressure. Design and stability of bulkheads 
and cofferdams. Pressures on shafts, tunnels and conduits. T h e  steady 
and transient flow of fluids through compressible and incompressible porous 
media. Consolidation processes. Sand drains. Field determ ination  of perm e­
ability. Flow nets and the modification of flow patterns by drains and relief 
wells.
2416. SLOPE STABILITY, E A R TH  AND ROCK-FILL DAMS 
C redit three hrs. Spring. T hree  lectures. Prerequisite: 2410.
Principles of stability for earth  and rock slopes; effects of pore w ater
pressure; short and long term  stability; problems of draw-down; analysis of 
landslides and dam  stability; principles of earth  and rock-fill dam  design; 
in ternal pore w ater pressures and drainage; filters; relief wells; foundation 
problems; grouting; cut-offs; control and instrum entation .
2418. CASE STUDIES IN  SOIL MECHANICS AND FO U ND A TION
ENG IN EERIN G
Credit three hrs. Spring.
T he study of real engineering problems of various types; the im portance
of the geological environm ent in recognizing the n a tu re  of field problems;
the application of mechanics and soil properties to obtain  engineering solu­
tions. T h e  p reparation  of engineering reports.
AERIAL PHOTOGRAPHIC AND PHYSICAL 
ENVIRONM ENT STUDIES
2421. PHYSICAL ENV IR O N M EN T EVALUATION
Credit three hrs. Fall. Two lectures, one laboratory. Intended for graduate 
students or upperclassm en in engineering and planning. Permission of the 
instructor is required.
A study of physical environm ent factors affecting engineering and planning 
decisions and  the evaluation m ethods of these factors. Physical factors include 
the climate, soil and rock conditions, and w ater sources in different parts of 
the world. Evaluation methods include air and ground reconnaissance, in te r­
pretation  of meterological, topographic, geological, and soil maps, aerial 
photography, engineering data, and sub-surface exploration records.
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2422. ADVANCED PHYSICAL EN V IR O N M EN T EVALUATION
Credit three hrs. Spring. Tw o lectures, one laboratory. In tended  for graduate 
students or upperclassm en in engineering or p lanning. Prerequisite: 2421 
or 2423 o r permission of th e  instructor.
A study of physical environm ent by use of airphotos and  o th er remote- 
sensing methods. Conventional photography, sequential photography, m ultip le 
spectral photography, space photography, in frared  therm al and  rad ar im age­
ries are included in  the study. Evaluation of environm ent is directed to the 
p lanning  of engineering and  developm ent projects in  general, and some 
emphasis on those related to special clim atic regions such as tropical hum id  
as well as arid  regions.
2423. ANALYSES AND IN T E R PR E T A T IO N  OF AERIAL PH O TO G R A PH S 
Credit three hrs. Fall-spring. Two lectures, one laboratory. P reregistration 
required . (T he student is expected to pay the cost of field trips and aerial 
photographs for use in a term  project, am ounting to approxim ately $15.)
A study of the soil and rock areas of the U nited  States and  the patterns 
present in aerial photographs. Fundam ental elem ents of soil patterns are 
analyzed to perm it determ ination  of soil texture, type of bedrock, and d ra in ­
age properties. Field train ing  in  selected test areas.
2424. ADVANCED IN T E R PR E T A T IO N  OF AERIAL PH O TO G RA PH S 
Credit three hrs. Fall-spring. P reregistration required.
Course includes lectures and team projects in laboratory and field. Facilities 
include m aterial for city-regional p lanning, soil m apping, conservation, ground 
and  surface w ater and civil engineering projects.
2431. SUBGRADES AND PAVEMENTS FO R HIGHW AY AND A IR PO R TS 
Credit th ree hrs. Spring. Two lectures, one laboratory. Prerequisite: 2601 or 
permission of the instructor.
Part I: Subgrade evaluation; compaction; drainage and frost action; stab ili­
zation. P art II: Aggregates; bitum inous m aterials; evaluation of flexible pave­
m ent components; design and construction of flexible pavem ent structure. 
P art III: Design and  construction of rig id  pavements.
2432. LOW -COST ROADS
Credit th ree hrs. Prim arily  for foreign students. Offered upon  sufficient de­
m and, usually in fall term . Prerequisite: consent of the instructor. Principally 
directed study w ith a tw o-and-a-half-hour class session per week to be 
arranged.
R ural road systems as instrum ents of economic developm ent. Study of 
economic considerations in  road system im provem ent; road im provem ent 
p lanning  and program m ing; road location and geometric design; engineering 
soil characteristics; design of roadbed thickness; drainage; stabilization 
methods and m aterials; dust palliatives; w earing surfaces.
GEODETIC AND PHOTOGRAM M ETRIC ENGINEERING  
2452. ELEM ENTS OF SURVEYING
Credit two hrs. Fall-spring. One lecture, one laboratory.
Fundam entals of engineering measurements. Study of observations and 
errors. Principles of recording data. Use of steel tape, level, and  transit. 
O ptical tooling. Photogram m etry. Problems of particu lar interest to students 
in  fields o ther th an  civil engineering.
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2461. ELEM ENTARY GEODESY 
Credit three hrs. Fall. T hree  lectures.
Principal problem s of geodesy. Coordinate systems, reference datum . Geo­
m etric problem s on earth  ellipsoid. Geometric astronomy. A pplication of 
B jerham m ar singular m atrix  calculus; singular m atrices to geodesy.
2462. GEOPHYSICAL GEODESY 
C redit three hrs. Spring. T hree  lectures.
Basic potential theory, Laplace and Poisson equations; gravity and po ten tial 
field in, on, and outside the spheroid; figure of the earth , application of 
Stokes form ula for determ ining undulations of the geoid and  deflection of 
the vertical; applications of spherical harmonics.
2463. G EODETIC C O N TR O L SURVEYS
Credit three hrs. Two lectures, one laboratory. Prerequisite: 2451 or 2461.
Principles of establishing a geodetic sea-level datum ; isostasy, the geoid 
and ellipsoid; altim etry, trigonom etric, sp irit, and electronic leveling; o rtho­
m etric and dynamic heights; electronic distance m easurem ent; triangulation  
and trilateration ; design of control networks and  systems; astronom ic and 
gravim etric observations, and satellite triangulation .
2464. GEO D ETIC ASTRONOMY
C redit two hrs. Two lectures. Prerequisite: 2451 or equivalent work in field 
astronomy.
Study of the precise determ ination  of la titude, longitude, and azim uth 
from astronom ical observations. N ight observation periods.
2465. ADVANCED EN G IN EERIN G  MEASUREM ENTS
Credit three hrs. Fall. Prerequisites: laboratory work involving physical 
measurem ents, M ath 293 or equivalent.
M easurem ent systems; analysis of errors and  of erro r propagation; ap p li­
cation of the principles of probability  to the results of m easurem ents for the 
purpose of determ ining the best estimates of m easured and deduced q u an ti­
ties; and th e  best estim ate of uncerta in ty  in  these quantities; adjustm ent of 
conditioned measurem ents by the m ethod of least squares and o ther methods; 
and curve fitting.
2466. MAP PR O JECTIO N S AND CA RTOGRAPHY 
Credit th ree hrs. T h ree  lectures. On dem and.
Theory  of m ap projections including conform al, equal-area, azim uthal eq u i­
distant, et al. projections; coordinate transform ations; p lane coordinate 
systems for surveying. Design of m ap projections. Cartographic principles, 
systems, and related economic factors.
2471. ELEM ENTS OF PH O TO G RA M M ETRY  
Credit three hrs. Fall. Lecture, laboratory.
Principles and practice of terrestrial and aerial photogram m etric m apping, 
including p lanning  flights, control surveys, uncontrolled mosaics, radialline 
control, simple stereoplotting instrum ents, parallax  distortions, graphical tilt 
determ ination , trim etrogen charting, and  economics. A Balplex projection 
stereoplotter w ith three projectors is available for use.
2472. ADVANCED PH O TO G RA M M ETRY
Credit three hrs. Spring. Two lectures, one laboratory. Prerequisite: 2471.
An advanced study of photogram m etric principles including: controlled 
mosaics; rectification; graphical and instrum ental aerotriangulation . Principles
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of photogram m etric plotters and systems and the economic relation  of these 
to density of ground control, office m ethods, and personnel. Balplex projec­
tio n  p lo tte r is used extensively.
2473. ANALYTICAL A ER O TRIA N G U LA TIO N  
Credit three hrs. T hree lectures. Prerequisite: 2471.
Analysis, theories, and com putation of stereostrip triangulation  by direction 
cosines, vector, and m atrix  methods. Coplanarity  and colinearity equations 
for relative orientation  and absolute o rientation . Stereogram assemblage 
and coordinate transform ation of strip  and block coordinates. Cantilever 
extension and general bridging solutions. Propagation of errors.
2481. CADASTRAL SURVEYING
On dem and. C redit th ree hrs. T h ree lectures.
Study of legal principles and surveying operations associated w ith acqui­
sition of evidence for the delineation of boundaries of real estate. Topics 
covered include: metes and bounds, subdivision, and o th er m ethods of descrip­
tion of real property: land courts; riparian  rights; m ineral rights; resurveys; 
and au thority  and  responsibilities of the Cadeastral surveyor.
2482. ENG IN EERIN G  SURVEYS
Credit th ree hrs. Spring. One lecture, two laboratories. Prerequisite: 2451 
or equivalent.
C ircular curves, transition  curves, earthw ork m easurem ent and  calculation, 
topographic surveys, construction surveys, and project p lanning  from maps.
2491. GENERAL DESIGN PR O JE C T  IN  G EO TECH N ICA L EN G IN EER IN G  
Credit one to six hrs. On dem and.
Design problems frequently  associated w ith  the M aster of Engineering 
Program.
2492. RESEARCH IN GEO TECHN ICAL ENG IN EERIN G
C redit one to six hrs. On dem and. For students who wish to study one 
particular area of geotechnical engineering in  depth .
T h e  work may take the form of a laboratory investigation, field study, 
theoretical analyses o r the developm ent of design procedures.
2493. SEMINAR IN GEO TECHN ICAL ENG IN EERIN G  
Credit one to two hrs. On dem and.
Presentation and  discussion of technical papers and cu rren t research in  
the general field of geotechnical engineering or one of its specialized fields.
2494. SPECIAL TOPICS IN GEO TECHN ICAL ENG IN EERIN G  
Credit one to six hrs. On dem and.
Supervised study in small groups in  one or more special topics not covered 
in  the regular courses. Special topics may be of a theoretical or applied nature.
2495. FIELD PRACTICE IN G EO TECH N ICA L EN G IN EER IN G
Credit th ree hrs. Extends th roughou t th e  academ ic year w ith  field studies 
conducted as two-day trips allocated to appropria te weekends in each term . 
T h e  student is expected to pay transportation  and related  costs, am ounting 
to approxim ately a to tal of $85. Prerequisite: 2401 or permission of the 
instructor.
Designed to provide experience w ith field conditions in  im portan t project 
environm ents w ithin reach of the campus, including construction scenes in
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New York and central Pennsylvania. P reparation  for and  reports on various 
sites is a requirem ent.
T he program  includes field testing and sampling; resistivity and seismic 
probing of soils and bedrock; soil m oisture and density measurem ents using 
nuclear equipm ent. Engineering construction practices and site evaluation 
related to landslides, bedrock, drainage, and unstable soils. T h e  influence of 
rock types, ground water, and soil m aterials on existing structures; appropria te 
design procedures applied to sophisticated structures at difficult sites.
STRUCTURAL ENGINEERING
Structural engineering embraces not only the m ore conventional aspects of 
civil engineering design b u t also o ther structural work, such as aeronautical 
and space structures, nuclear engineering structures, tanks, bins, pressure 
vessels, an tenna towers, and the like. Emphasis is placed on the common 
fundam ental background, theoretical and experim ental, of all structural 
engineering. S tructural and m aterials behavior being inseparably related, 
instruction  and research in the field of structural m aterials is regarded as p art 
of the area of structural engineering.
Complete facilities for experim ental structural research of all kinds are 
available including a structural testing hall fifty feet by eighty feet in plan, 
and forty-five feet high for full-scale three-dim ensional static and fatigue 
testing of structures; static- and fatigue-testing machines of a variety of capac­
ities; appropria te m easuring equipm ent; a versatile and fully equipped 
structural models laboratory; and a large laboratory for concrete and o ther 
cem entitious materials.
T he departm ent has a large num ber of externally and internally  sponsored 
research projects upon which students can base theses and receive research 
assistantships. T h e  externally sponsored projects include: shell structure of 
light gage steel, m icrocracking of concrete and its influence on structural 
behavior and fracture, shear strength of light gage steel diaphragm s, behavior 
of beams and columns continuously braced by diaphragm s, perform ance of 
stainless steel structural mem bers, torsional-flexural buckling of eccentrically 
loaded columns, fundam ental concepts of cracking phenom ena in reinforced 
concrete structures, effects of cold form ing on perform ance of light gage steel 
members, reinforced concrete models, and therm al stresses in nuclear reactors.
A separate brochure on Structural Engineering at Cornell University is 
available on request from the School of Civil Engineering, H ollister Hall.
2710. ST R E N G T H  OF STRU CTU RES
Credit th ree hrs. Fall. T hree  recitations. Prerequisite: 2704; can be taken con­
currently.
Analysis of two- and three-dim ensional stress and strain. Theories of failure 
of ductile and brittle  m aterials. M icrostructure of m aterials. S tructural m ate­
rials under load, strain  hardening, Bauschinger effect, residual stresses, hystere­
sis, stress concentration, b rittle  fracture, creep, alternating  stress. Design for 
fatigue. Stresses beyond the elastic lim it. Inelastic behavior of steel and re in ­
forced concrete structures. Critical discussion of recent research and current 
design specifications.
2711. BUCKLING: ELASTIC AND INELASTIC 
Credit three hrs. Spring. Prerequisite: 2710.
Analysis of elastic and plastic stability. D eterm ination of buckling loads 
and postbuckling behavior of columns. Solid and open web columns w ith
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variable cross-section. Beam columns. Fram e buckling. Torsional-flexural 
buckling. Lateral strength of unbraced beams. Buckling loads and post- 
buckling strength of plates, shear webs, and  cylindrical shells. Critical dis­
cussion of curren t design specification.
2712. ADVANCED STRU CTU RA L ANALYSIS I
Credit three hrs. Fall. T hree  lectures per week. Prerequisites; 2703 o r equiva­
lent; concurrent registration in C om puter Science 311.
First half: stability, determinacy, redundancy of structures, approxim ate 
m ethods of analysis, brief review of classical m ethods for deflection calcu­
lation and indeterm inate analysis, and extension to complex systems. Second 
half: in troduction  to m atrix  m ethods of analysis, force and displacem ent 
methods.
2713. ADVANCED STRU CTU RA L ANALYSIS II
Credit th ree hrs. Spring. T h ree  lectures per week. Prerequisite: 2712.
First half: force, displacem ent, and m ixed mode m ethods of m atrix  
analysis, self-strained structures, generalized forces and displacements, large- 
order systems, finite elem ent analysis, including plane stress and plane strain, 
frameworks, and plate bending, principles of optim ization. Second half: 
arches, including secondary stress analysis, suspension systems, plastic analysis, 
torsion, curved beams, grids.
2714. STRU CTU RA L MODEL ANALYSIS AND 
EX PER IM EN TA L M ETHODS
Credit th ree hrs. Spring. Two lectures, one tw o-hour period. Prerequisite: 
indeterm inate analysis.
D imensional analysis and principles of sim ilitude. Ind irect model analysis 
of beams, frames, and trusses. D irect model analysis including loading and 
instrum entation  techniques. Strain m easurem ent and  in terpreta tion . Con­
fidence levels of model results. Laboratory projects in elastic behavior and 
ultim ate strength  of model structures.
2715. NUM ERICAL M ETHODS IN  STR U C TU R A L EN G IN EER IN G  
Credit three hrs. Fall. Prerequisites: differential equations and  consent of the 
instructor; concurrent registration in  FO R T R A N  instruction.
Newmark's m ethod and o th er num erical in tegration  techniques. Solution 
of linear systems. F inite difference techniques for stress, stability, and o ther 
boundary value problems. Eigenvalue determ ination . A pplications of digital 
com puters in structural engineering analysis and design, including in troduction  
to optim ization techniques. Independent projects involving extensive use of 
d igital com puter.
2716. CO NCRETE STRU CTU RES I
Credit th ree hrs. Fall. T h ree  lectures per week. Prerequisite: 2703 or equiva­
lent.
Analysis, design, and behavior of prestressed concrete structures; beams, 
slabs, composite construction, continuous beams and frames, tension and 
compression members; deflection analysis, end zone stresses, detailing, losses, 
efficiency. Design of concrete shells: shells of revolution, hyperbolic p a ra ­
boloids.
2717. CO NCRETE STRU CTU RES II
Credit th ree hrs. Spring. T hree  lectures per week. Prerequisite: 2703 or 
equivalent.
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Analysis, design and behavior of reinforced concrete structures; safety con­
siderations, deflection analysis, crack control; beams, columns, slabs, continuous 
frames, flat plates, flat slabs, composite construction; lim it analysis and yield 
line theory; design of concrete shells: folded plates and cylindrical shells.
2718, 2719. BEHAVIOR AND DESIGN OF M ETAL STRU CTU RES 
C redit th ree hrs. a term . Fall-spring. Prerequisite: 2703 or equivalent.
Contem porary methods for analyzing and designing m etal structures. Be­
havior of structural elements and frames. Selected design applications from the 
fields of steel plate structures, bridges, suspension systems, light weight 
structures.
2720. SHELL THEO RY  AND DESIGN
Credit three hrs. Fall. Prerequisites: M ath 294 or equivalent and consent of 
the instructor.
Differential geometry of surfaces. Bending and m em brane theory of shells. 
Analysis and design of cylindrical shells, domes, paraboloids. A pplication of 
reinforced concrete roofs and pressure vessels. Stability of certain types of 
shells.
2721. SPECIAL TOPICS IN  M A TR IX  ANALYSIS
Credit two hrs. Spring. Two lectures per week. Prerequisite: a p rio r exposure 
to m atrix methods of structural analysis; 2713 may be taken concurrently.
Analysis of tall buildings. M ethods of tridiagonalization, transfer matrices. 
Iterative and direct solutions. Fin ite elem ent analysis. N onlinear problems. 
Eigenvalue problems; buckling and dynam ic analysis.
2722. DYNAMICS OF STRU CTU RES
C redit three hrs. Spring. Prerequisites: M ath 294 or equivalent and consent of 
the instructor.
Equations of m otion and vibration of simple systems. N um erical, energy 
and m atrix  m ethods of analysis of m ultiple degree systems. Analysis and 
design of structures for ground disturbances, including inelastic effects.
2730. AEROSPACE STRU CTU RES ANALYSIS I
C redit three hrs. Fall. Two lectures per week plus assigned reading. For 
Aerospace and Civil Engineering graduate students.
First half: definition of aerospace structures, design environm ents, specifi­
cations, constructional concepts, m aterial properties, modes of failure, directed 
reading in structural analysis. Second half: second half of 2712.
2731. AEROSPACE STRU CTU RES ANALYSIS II
Credit three hrs. Spring. T hree lectures per week. Prerequisite: 2730.
First half: first half of 2713. Second half: idealization techniques; application 
of finite elem ent methods to aerospace structures. Elasticity procedures. Elastic 
instability: prism atic mem bers and plates.
2752. ADVANCED PLAIN CO NCRETE
Credit two hrs. Spring. Two lectures. Prerequisite: 2751 or the equivalent.
Topics in the field of concrete, such as history of cem enting m aterials, air- 
entrainm ent, light weight aggregates, petrography, durability , chemical re ­
actions, and properties of aggregates. Relationships between in ternal structure, 
physical properties, chemical properties, and the m echanical properties of 
interest to the design and  construction engineer.
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2753. STR U C TU R E AND PR O PER TIES OF M A TT E R
Credit th ree hrs. Fall. Two lectures plus conference. Open to g raduate students 
in engineering or the physical sciences or by consent of the  instructor.
In ternal structure of m aterials ranging from the am orphous to the crystal­
line state. Correlation of the in te rnal structures of m aterials w ith their physical 
and mechanical properties, prim arily  on a qualitative basis. A pplications to 
various engineering m aterials.
2757. CIVIL ENG IN EERIN G  M ATERIALS PR O JE C T  
On dem and. C redit one to six hrs.
Individual projects involving civil engineering m aterials.
2758. CIVIL EN G IN EERIN G  M ATERIALS RESEARCH 
On dem and. H ours and credit variable.
Individual assignments, investigations an d /o r  experim ents w ith civil engi­
neering m aterials.
2791. DESIGN PR O JE C T  IN  STR U C TU R A L ENG IN EERIN G
(Meets project requirem ent for M. E. degree.) C redit one hr. fall and th ree hrs. 
spring; both  term s required.
Comprehensive design projects by design teams. Form ulation  of alternate 
design proposals, including economics and planning, for a given situation, and 
complete design of the best alternate. D eterm ination  of construction costs and 
preparation  of sketches and drawings. P resentation of designs by oral and 
w ritten  reports.
2792. RESEARCH IN STRU CTU RA L ENG IN EERIN G
On dem and. H ours and credit variable. Students wishing to pursue one p a r­
ticular branch of structural engineering fu rth er th an  can be done in any of 
the regular courses may elect work in this field. T h e  prerequisite courses 
depend upon  the nature of the work desired.
T he work m ay be in  the n a tu re  of an  investigation of existing types of 
construction, theoretical work w ith a view of sim plifying present m ethods of 
design or proposing new m ethods, o r experim ental investigation of suitable 
problems.
2793. STRU CTU RA L EN G IN EERIN G  SEMINAR
Credit one to three hrs. Spring. Open to qualified seniors and graduate 
students. P reparation  and presentation of topics of cu rren t interest in  the 
field of structures for inform al discussion.
2794. SPECIAL TOPICS IN STRU CTU RA L EN G IN EER IN G  
On dem and. H ours and credit variable.
Individually  supervised study in  one o r m ore of the specialized topics of 
civil engineering such as tanks and bins, suspension bridges, towers o r movable 
bridges, which are not covered in  the regular courses. Independent design 
or research projects may also be selected.
HYDRAULICS AND HYDROLOGY
Two m odern laboratories m ake possible a  wide range of instructional and 
research experim entation. In  the H ollister H all applied  fluid mechanics 
laboratory, w ell-instrum ented models support experim ental studies in  all
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phases of fluid flow. At the A pplied Hydraulics Laboratory near Beebe Lake, 
flows up  to fifty cubic feet per second and  n a tu ral heads up  to eighty feet 
are available for both  research and testing.
C urren t staff research in hydraulics and hydrology include studies in 
Secondary C urrents in  N oncircular Conduits; Settling Velocities in a T u rb u ­
lent Environm ent; M athem atical Models of Hydrologic Systems; Unsteady 
River Flows; Circulation in a Shallow Homogeneous Lake; Random  Structure 
of D rought Flows; T im e Series Analysis of Lake Evaporation; T he Physics of 
Pan Evaporation; Drainage from Large Unconiined Aquifers; Perm eability 
Models for Porous M aterials; Recovery of Infiltration Capacity in Soils and 
Hysteresis; Sediment T ransport in Pipes; Roughness Investigations in  Rivers; 
Influence of Ice on the River Stage.
2303. HYDROLOGY
Credit two hrs. Fall. Two lecture-recitations. Prerequisite: 2301.
In troduction  to hydrology including topics on precip itation , evapotranspira- 
tion, ground w ater, surface water, sedim entation.
2312. EX PER IM EN TA L AND NUM ERICAL M ETHODS IN FLU ID  
MECHANICS
Credit two hrs. Fall-spring. Prerequisite: 2302 or permission of the instructor. 
Prim arily a laboratory course for undergraduates and graduates; may be re ­
peated for credit on permission of the instructor.
Emphasis is on p lanning and conducting laboratory and field experim ents 
and on num erical com putation. Each section is lim ited to four students.
2315. ADVANCED FLUID MECHANICS I
Credit three hrs. Fall. T h ree  recitations. Prerequisite: 2301.
In troduction  to vector and tensor notation. T h e  equations of conservation 
of mass, m om entum , and energy from a rigorous po in t of view. Sim ilitude and 
m odeling potential flow including circulation, vorticity, conform al m apping, 
and hodograph methods.
2316. ADVANCED FLU ID  MECHANICS II
Credit three hrs. Spring. T hree  recitations. Prerequisite: 2315.
Exact solutions to the Navier-Stokes equations, the lam inar and tu rb u len t 
boundary layers, turbulence, in troduction  to non-N ew tonian flow, and o ther 
topics.
2317. FREE SURFACE FLOW
Credit th ree hrs. Spring. T hree recitations. Prerequisite: 2315 or permission 
of the instructor.
T he form ulation of the free surface equations and boundary  conditions. 
Shallow w ater theory and the theory of characteristics. Unsteady and two- 
dim ensional flow in open channels. Theory  of small am plitude waves.
2320. SURFACE-W ATER HYDROLOGY 
Credit three hrs. Fall. Prerequisite: 2301.
Physical and statistical analysis relating  to hydrologic processes. Hydro- 
meterology and evaporation. Surface runoff, base flow and storage rou ting  in 
linear and nonlinear systems. U nit hydrograph theory.
2321. FLOW  IN POROUS MEDIA
Credit th ree hrs. Spring. Prerequisite: 2301 (also recom m ended, 2315).
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Fluid  mechanics of flow through  porous solids. T h e  general equations 
of single phase and m ultiphase flow and the m ethods of solving the differential 
form of these equations. H ydraulics of wells, of infiltration  and of ground 
w ater recharge, and of o ther steady state and  transient seepage problem s in 
fully and partially  saturated  materials.
2331. RIVER AND COASTAL HYDRAULICS
Credit three hrs. Spring. Prerequisite: 2302 or permission of the instructor.
First p a rt deals w ith the hydraulics of fixed bed channels including the 
specific energy concept, secondary currents, rap id  flow problem s, artificial 
obstructions in channels, and th e  general problem  of frictional resistance. In 
the second part, a tten tion  is paid to coastal and oceanographical engineering 
problems including the theory of waves, breaking of waves, wave refraction 
and wave diffraction.
2332. SEDIM ENT T R A N SPO R T
Credit th ree hrs. Fall. Prerequisite: 2302 or perm ission of the instructor.
Hydraulics of channels w ith a movable bed including particle mechanics, 
critical tractive force theory, the DuBoys Problem , the  Swiss form ulas, E in­
stein’s Bedload theory, the suspension and saltation theory, calculation of 
total sedim ent loads. Interesting  problem s in  fluvial hydraulics will be 
included.
2333. FLUVIAL PROCESSES
Spring. C redit two hrs. Prerequisite: consent of the instructors. Seminar, hours 
to be arranged, field trips. Course offered jo in tly  w ith D epartm ent of Geo­
logical Sciences. On dem and.
T h e  common problem s of fluvial processes, hydraulics, and  sedim ent trans­
port are studied along w ith the appropria te analytical m ethods and  experi­
m ental techniques.
2391. PR O JEC T
Offered on dem and. H ours and credit variable.
T h e  student may elect a design problem  or undertake the design and 
construction of special equ ipm ent in  the fields of fluid mechanics, hydraulic 
engineering o r hydrology.
2392. RESEARCH IN HYDRAULICS 
Offered on dem and. H ours and credit variable.
T he student may select an  area of investigation in  fluid mechanics, hydraulic 
engineering, or hydrology. T h e  work may be either of an  experim ental or 
theoretical nature. Results should be subm itted to the instructor in  charge 
in  the form of a research report.
2393. HYDRAULICS SEMINAR
Credit one hr. Fall-spring. Open to undergraduates and graduates and requ ired  
of graduate students m ajoring in hydraulics or hydraulic engineering.
Topics of cu rren t interest in  fluid mechanics, hydraulic engineering, and  
hydrology.
2394. SPECIAL TOPICS IN HYDRAULICS 
Offered on dem and. H ours and  credit variable.
Special topics in  fluid mechanics, hydraulic engineering, or hydrology.
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SANITARY ENGINEERING AND W ATER  
RESOURCES ENGINEERING
G raduate study and research in sanitary engineering is concerned w ith the 
developm ent of fundam ental knowledge of pertinen t physical, chemical and 
biological phenom ena and principles. T his knowledge, along w ith skills 
in applied m athem atics, statistics and probability  is then used in the analysis 
and design of processes, structures and systems for w ater quality  control, 
w ater quan tity  control and waste m anagem ent. Advanced study in w ater 
resources engineering offers an opportun ity  to develop and com bine com pe­
tence in w ater quality  technology, hydraulics, hydrology, economic theory, 
and operations research; and to apply this knowledge to the solution of 
engineering problem s in w ater resources p lanning  and m anagem ent. T he 
sanitary engineering facilities contain some 6,300 square feet of laboratory 
space and controlled tem perature rooms and include separate specially 
equipped laboratories for w ater bacteriology and biology, w ater chemistry, 
bench and pilot-level u n it process studies for radiological measurements.
Students and staff are currently collaborating in such diverse research areas 
as the oxidation of organic wastes in receiving waters, form ulation of b io­
logical oxidation kinetics, m athem atical decision models for the • operation 
of w ater resource systems, design of w ater quality  m onitoring systems, and 
w ater pollution control policies.
2502. W A TER AND WASTE W A TER T R E A T M E N T  PROCESSES
Credit three hrs. Two lectures, one laboratory. Spring. Prerequisite: 2301 and
2302.
Study of the microbiological, chemical, and physical phenom ena underlying 
the treatm ent of w ater and of m unicipal and industrial waste-water. A ppli­
cation of these principles to the analysis and design of u n it treatm ent processes. 
Laboratory studies of water quality  and of un it treatm ent processes.
2510. CHEM ISTRY OF W A TER AND W ASTE W A TER
C redit three hrs. Two lecture-recitations, one laboratory. Fall. Prerequisite:
one year of college chemistry.
Principles of chemistry applicable to the understanding, design and control 
of w ater and waste water treatm ent processes and to reactions in receiving 
waters. Analytical m ethods applicable to the m easurem ent and control of air 
and water quality.
2512. M ICROBIOLOGY OF W A TER AND W ASTE-W ATER 
Credit three hrs. Two lectures, one laboratory. Spring.
In troduction  to the characteristics of microorganisms, their interaction with 
the environm ent: and their effect on w ater quality. T h eir role in the oxi­
dation of organic substances in waste-water treatm ent and in receiving waters. 
Bacteriological, biological and limnological param eters of water quality  and 
their m easurem ent.
2513. T R E A T M E N T  PROCESSES
Credit three hrs. T hree  lectures. Fall. Prerequisite: 2502 or equivalent.
Analysis and design of processes for the removal of im purities from w ater 
and from m unicipal and industrial waste-water. Theoretical and applied 
aspects of treatm ent process design, including reaction kinetics, transfer 
phenom ena, and the mechanics of fine particles.
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2514. ASSIMILATION OF WASTES IN W A TER
Credit three hrs. T hree  lectures. Spring. Prerequisite: appropria te u n d er­
graduate course.
Capacity of w ater resources to assimiliate gaseous, liqu id  and particulate 
wastes. Phenom ena pertinen t to the dispersion and stabilization of wastes 
in water. Analog and digital com puter m ethods. Emphasis on the advanced 
literature.
2515. W A TER RESOURCES PROBLEMS AND POLICIES
Credit th ree hrs. Lecture-discussion. Fall. Prerequisite: permission of the 
instructor. Intended prim arily  for g raduate engineering and nonengineering 
students b u t open to qualified undergraduates.
A comprehensive approach to w ater resources p lanning  and developm ent. 
H istorical and contem porary perspectives of w ater resources problems, organi­
zation and policies.
2516. PHYSICAL BASIS OF W A TER RESOURCE PLANNING
Credit two hrs. Lecture-discussion. Fall. Intended prim arily  for nonengineering 
graduate students taking w ater resources as a m inor subject.
An introduction  to hydrologic systems w ith topics in climate: surface and 
ground w ater flow; flood abatem ent and w ater quality  control. Offers tech­
nical background m aterial useful in subsequent courses in  the w ater re ­
sources area.
2520. ENVIRONM ENTAL H EA LTH  ENG IN EERIN G
Credit three hrs. T hree  lectures, reports. Spring. Prerequisite: 2501, or 
equivalent, or permission of the instructor.
Concepts of environm ental health , principles of epidemiology and of tox i­
cology. In troduction  to radiological health . Consideration of problem s in 
environm ental control w ith emphasis on waste m anagem ent, w ater quality  
control, air quality  control, and solid waste disposal.
2532. ENVIRONM ENTAL SA N ITA TION
O pen to o ther than  civil engineering students. C redit th ree hrs. Fall. Lecture- 
discussion, reports, and field trips.
Environm ental health  concepts and methods, and th e ir application to 
environm ental p lanning  and control a t the subdivision, m unicipal, and 
m etropolitan levels. Introduction  to: w ater resource p lann ing  and develop­
m ent: water quality  control; w ater supply: m unicipal, industrial, and private 
waste-water disposal; a ir quality  control; solid waste disposal and  radiological 
health .
2535. T H E  LEGAL BASIS OF W A TER RESOURCES PLANNING 
Credit three hrs. Spring or fall. Prerequisite: permission of the instructor.
T h e  course is designed specifically for o ther than  law students who are 
interested in the legal aspects of w ater resources planning, developm ent and 
m anagem ent.
2545. W A TER RESOURCES PLANNING SEMINAR
Credit three hrs. Spring. Prerequisite: 2515 or permission of the instructor.
T he concepts, processes, and techniques of regional, m ulti-purpose river 
basin p lanning and developm ent. T h e  case study m ethod, including the 
preparation  of an integrated, comprehensive rep o rt for the study area, is 
followed.
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2547. SEMINAR IN W A TER RESOURCES SYSTEMS ANALYSIS 
Credit four hrs. Spring or fall. Prerequisite: permission of the instructor 
w hich will be based on the student's ability  to contribute substantially to 
the seminar.
An interdisciplinary approach to the solution of a complex problem in 
w ater resources engineering involving the application of systems analysis, 
statistics, economic theory, hydrology and hydraulic and sanitary engineering. 
Each student will study and discuss a particular aspect of the problem . T he 
results of the individual studies should contribu te to the solution of the 
overall problem. T au g h t by engineering and economics faculty.
2591. DESIGN PR O JE C T  IN W A TER  RESOURCES ENG IN EERIN G  OR 
IN SANITARY ENG IN EERIN G
O n dem and. C redit variable. Prerequisite: 2501 or 2502 or equivalent.
T h e  student will elect or be assigned problems in the design of w ater and 
waste-water treatm ent processes or plants; waste-water disposal systems: 
w ater quality  control systems; w ater resource developm ent or m anagem ent 
systems; or of laboratory apparatus of special interest.
2592. SANITARY ENG IN EERIN G  RESEARCH
On dem and. Credit variable. Prerequisites will depend upon the particular 
investigation to be undertaken.
For the student who wishes to study a special topic or problem  in  greater 
dep th  than  is possible in formal courses.
2593. SANITARY EN G IN EERIN G  COLLOQUIUM
C redit one to two hrs. Fall-spring. R equired  of all graduate student taking a 
m ajor or m inor in sanitary engineering; open to undergraduates by per­
mission of the instructor.
Preparation, presentation, and discussion of topics and problems of current 
interest in sanitary engineering and w ater resources engineering.
COM PUTER SCIENCE
Faculty: H . D. Block, K enneth M. Brown, R ichard  W. Conway, Patrick C. 
Fischer, Ju ris  H artm anis, John  E. Hopcroft, W illiam  L. Maxwell, Charles W. 
M erriam , Anil Nerode, Lawrence E. Payne, C hristopher Pottle, G erard Salton, 
Sidney Saltzman, Shayle R. Searle, R obert J . W alker, Peter W egner.
Field Representative: R obert J . W alker, Upson Hall.
M AJOR AND M INO R SUBJECTS
Com puter Science N um erical Analysis
Inform ation Processing T heory  of Com putation
ADMISSION REQ UIREM EN TS: As prerequisite for admission in this Field, 
a student is expected to have had significant experience in program m ing a 
digital com puter, and depending upon the particular subject m ajor chosen, 
appropria te background in m athem atics, engineering, linguistics, etc., to 
perm it the im m ediate enrollm ent in graduate level courses. A student is also 
expected to have had at least an introductory course in com puter science 
a lthough this deficiency can be rem edied after admission.
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FO REIGN  LANGUAGE REQ UIREM EN TS. A candidate for the degree of 
Ph.D. m ust dem onstrate reading ability  in two approved languages besides 
English. A pproved languages are French, G erm an, Russian, and any language 
in which there exists a substantial body of litera tu re  in  the area of the 
s tuden t’s doctoral thesis. T here  is no Field requ irem ent of a foreign language 
for the M.S. degree.
Any Special Com m ittee may, at its discretion, requ ire knowledge of foreign 
language beyond the above requirem ents.
O T H E R  FIELD REQ UIREM EN TS. All candidates for the Ph.D. are 
required  to have at least one m inor in  a Field o ther than  C om puter Science. 
T he most frequent choices would be in the Fields of M athematics, Applied 
M athem atics, Statistics, O perations Research, Electrical Engineering, Ecology 
and Evolutionary Biology, Psychology, o r Linguistics, b u t others w ould be 
possible.
A comprehensive oral exam ination is required  before the g ran ting  of the 
M.S. degree or admission to Ph.D. candidacy. T his exam ination is norm ally 
taken after the com pletion of form al course work and the satisfaction of any 
foreign language requirem ents.
One semester of p art tim e teaching experience is required  for the Ph.D. 
degree.
General Comments
T he Field of Com puter Science at Cornell includes not only the fundam ental 
theoretical m aterial in autom ata, com putability , and language structure bu t 
also such subjects as num erical analysis and  inform ation processing, which 
underlie broad areas of com puter application. A graduate student should con­
sider a m ajor in  com puter science if he is prim arily  interested in  the general 
aspects of com putational processes, bo th  theoretical and pratical, e.g., theory 
of algorithm s, methods by which algorithm s are im plem ented on a com puter, 
and inform ation structures. If he is prim arily  interested in  the result of a 
com puter process and its relation to a particular area of application, then he 
should m ajor in another Field and consider a m inor in  C om puter Science.
Research and Study O pportunities
O pportunities exist for research and study in  the following areas of Com­
p u te r Science: num erical analysis (Brown, Payne, W alker), program m ing 
languages and systems (Conway, Maxwell, Saltzman, W egner), au tom ata and 
com putability  theory (Fischer, H artm anis, H opcroft, Nerode), inform ation 
organization and retrieval (Salton), systems and  control theory (M erriam, 
Pottle), adaptive systems (Block).
Facilities
Students and staff offices in com puter science are located in  Upson H all. 
T he principal com puting facility a t Cornell is a m ulti-processor complex 
of IBM 360 systems. T h e  central m achine is a 360/65 w ith a 360/40 serving 
as an attached support processor. T h is is located in  Langm uir Laboratory 
a t the Cornell Research Park on the periphery  of the campus and  is directly
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linked to satellite com puters at th ree different locations on campus. T he 
Engineering College is served through one of these satellite stations in Upson 
H all as well as by a num ber of teletypew riter term inals in different locations. 
An IBM 1800 com puter is also linked to the central com puter to provide an 
analog-digital interface and graphical display equipm ent. In  addition  to this 
new remote-access system, Cornell operates an IBM 1401 and a Control D ata 
1604 w ith a satellite 160A.
A booklet describing in m ore detail the graduate work at Cornell in Com­
p u ter Science and closely related subjects can be obtained by w riting to the 
Field Representative, Upson Hall.
Courses
385. A UTOM ATA
Spring term . Credit three hours. Prerequisite: M athem atics 294 or 222 or 
equivalent. M W  F 10:10. Mr. H opcroft.
T he capabilities, lim itations and structures of finite autom ata, T u rin g  
machines and o ther abstract com puting devices will be studied. Applications 
to questions of undecidability and artificial intelligence.
401. CO M PU TER O RGANIZATION AND PROGRAM M ING 
Either term . Credit four hours. Prerequisite: M athem atics 221 or 293 or 
equivalent. Not open to students w ith credit for Engineering 9481 or 9381. 
T  T h  11:15, W  2:30-4:25. Mr. Pottle.
Characteristics and structure of digital computers. Program m ing in assembly 
and higher-order languages. R epresentation of data, index registers and 
indirect addressing, program  organization, macro operations, recursive p ro ­
cedures, in terpretive routines, auxiliary storage and in p u t-ou tpu t, operating  
systems.
411. IN FO RM A TIO N  AND CO M PU TER STRU CTU RES
Fall term . Credit four hours. Prerequisite: 401 or equivalent. T  T h  9:05, 
W  2:30. Mr. Salton.
Fundam entals of com puter organization and the representation of structured  
operands in computers. Inform ation flow du ring  instruction  execution; 
addressing structures, symbol table techniques. Algorithm s for the m an ipu ­
lation of arrays, trees, strings, lists. Program m ing language structure; recog­
nition  and analysis systems. T im e sharing com puter organization, paging, 
segm enting and core m anagem ent.
412. CO M PU TER LANGUAGE AND COM PILERS
Spring term . Credit four hours. Prerequisite: 411 or consent of the instructor. 
M W  F 1:25. Mr. W egner.
Concerned w ith the  theory and techniques of program m ing languages and 
systems for large scale digital com puter systems. Topics include comparison 
of structure and form of assemblers, in terpreters, compilers and list processors; 
form al definition of algorithm ic languages and techniques used in com pilation. 
Students will design and im plem ent several simple languages during  the term.
413. SYSTEMS PROGRAM M ING
Fall term . Credit four hours. Prerequisite: 412 or consent of the instructor. 
M W  F 1:25. Mr. W egner.
Brief review of batch process program m ing systems, their components, 
operating  characteristics, user services and their lim itations. Im plem entation
100 CO M PU TER SCIENCE
techniques for parallel processing of I /O  and in te rru p t handling. Overall 
structure of m ultiprogram m ing systems on large-scale m ultiprocessor h a rd ­
ware configuration. Details on addressing techniques, core m anagem ent, file 
system design and m anagem ent, system accounting, and o th er user-related 
services. Comm and languages and the em bedding of subsystems. O perating 
characteristics (parameters) of large-scale systems.
[417. ADVANCED IN FO RM A TIO N  PROCESSING]
Fall term . Credit four hours. Prerequisite: 401 or equivalent experience. T  T h  
9:05, W  2:30. N ot offered in 1967-68.
420. CO M PU TER APPLICATIONS OF NUM ERICAL ANALYSIS 
Fall term . Credit four hours. Prerequisites: M athem atics 222 or 294 and 
Com puter Science 311 or equivalent program m ing experience. M W  F 9:05. 
Mr. Brown.
M odern com putational algorithm s for the num erical solution of a variety 
of applied m athem atics problem s are presented and  students solve curren t 
representative problems by program m ing each of these algorithm s to be ru n  
on the com puter. Topics include num erical algorithm s for th e  solution of 
linear systems; finding determ inants, inverses, eigenvalues and  eigenvectors 
of matrices; solution of a single polynom inal or transcendental equation  in 
one unknown; solution of systems of nonlinear equations; acceleration of 
convergence; Lagrangian in terpolation  and least squares approxim ation for 
functions given by a discrete data  set; differentiation and in tegration; solution 
of ordinary differential equations: in itial value problems for systems of n o n ­
linear first order differential equations, tw o-point boundary  value problems; 
partia l differential equations: finite difference grid  technique for the solution 
of the Poisson equation.
421-422. NUM ERICAL ANALYSIS
T hroughou t the year. C redit four hours a term . Prerequisite: M athem atics 412 
o r 416 or 422. M W  F 9:05. Mr. W alker, Mr. Brown.
A m athem atically rigorous treatm ent of num erical analysis. Covers the 
topics of C om puter Science 420 in a m ore com plete fashion w ith emphasis on 
careful analytical derivation of algorithm s, proofs of convergence, and erro r 
analysis. Includes some com puter program m ing projects.
435. INFORM A TIO N  O RGANIZATION AND RETRIEV A L
Spring term . Credit four hours. Prerequisite: 401 or equivalent. T  T h  9:05,
occasionally W  2:30. Mr. Salton.
Covers all aspects of autom atic language processing on d igital com puters, 
w ith emphasis on applications to inform ation retrieval. Analysis of inform ation 
content by statistical, syntactic, and logical m ethods. D ictionary techniques. 
A utom atic retrieval systems, question-answ ering systems. Evaluation of 
retrieval effectiveness.
[441. H EU RISTIC  PROGRAM M ING]
Spring term . Credit four hours. Prerequisites: C om puter Science 401 and  411. 
Not offered in 1967-68.
485. THEO RY  OF AUTO M ATA  I
Fall term . Credit four hours. Prerequisite: Com puter Science 401, M athem atics 
481, or consent of the instructor. M W F 11:15. Mr. H artm anis.
A utom ata theory is the study of abstract com puting devices, their classifi­
cation, structure, and com putational power. Topics include finite state au to ­
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m ata, regular expressions, decomposition of finite au tom ata and their rea li­
zation, T u rin g  machines and their com putation power.
486. TH EO RY  OF A UTOM ATA II
Spring term . Credit four hours. Prerequisite: 485 or consent of the instructor. 
M W  F 11:15. Mr. H artm anis.
Topics include context-free and context-sensitive languages and their 
relation to push-down and linearly-bounded autom ata. Q uantita tive aspects 
of T u rin g  m achine com putations: tim e and memory bounded com putations 
w ith applications to language processing and classification of o ther autom ata 
and com putations.
487. FORM AL LANGUAGES
Fall term . Credit four hours. Prerequisite: 401. M W  F 11:15. Mr. H opcroft.
A study of formal languages, their processing and processors. Topics include 
regular, context-free, and context-sensitive languages; their recognition, 
parsing, algebraic properties, decision problems, recognition devices, and 
applications to com puter and n atu ral languages.
[488. TH EO RY  OF EFFECTIVE COM PUTABILITY]
Spring term . Credit four hours. Prerequisite: Com puter Science 401, 485, 
M athem atics 481, or consent of the instructor. N ot offered in 1967-68.
T u rin g  machines and C hurch’s Thesis, universal T u rin g  machines, u n ­
solvability of the halting  problem . Recursively enum erable sets, productive 
and creative sets, relative com putability, the recursion theorem , Post’s p ro b ­
lem. C om putational complexity hierarchies.
[521. NUM ERICAL ANALYSIS OF LINEAR AND N ON LIN EA R SYSTEMS 
OF EQUATIONS]
Spring term . Credit four hours. Prerequisites: M athem atics 521 and Com puter 
Science 422. M W  F 9:05. Mr. Brown. N ot offered in 1967-68.
Topics include recent methods for the solution of linear systems and eigen­
value, eigenvector determ ination; global convergence theorem s,for nonlinear 
systems, Newton-Kontorovich theory and its variations; function m inim iza­
tion.
523. NUM ERICAL SO LUTION  OF ORDINARY D IFFEREN TIA L 
EQUATIONS AND IN TEG R A L EQUATIONS
Fall term . Credit four hours. Prerequisites: M athematics 427 and Com puter 
Science 422. M W F 2:30.
Topics include solution of n-th  order nonlinear in itia l value problem s 
and boundary value problems: single step methods; predictor-corrector tech­
niques; stability, accuracy and precision of methods; eigenvalue problems; 
solution of integral equations having constant or variable limits: finite d if­
ference and iterative methods; singular and nonlinear integral equations.
525. NUM ERAL SOLUTION  OF PA RTIA L D IFFEREN TIA L EQUATIONS 
Spring term . Credit four hours. Prerequisites: M athem atics 428 and 521, and 
Com puter Science 523. M W F 2:30.
General classification; solution by m ethod of characteristics; finite-differ- 
ence methods for hyperbolic and elliptic equations; parabolic equations in two 
dimensions; direct solution of elliptic finite-difference equations; iterative 
m ethods for the solution of elliptic equations; block m ethods for large 
systems; singularities in  elliptic equations; stability in  relation to in itial value 
problem s and nonlinear discretization algorithm s.
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527. NUM ERICAL M ETHODS IN  A PPRO X IM A TIO N  TH EO RY  
Sprng term . Credit four hours. Prerequisites: M athem atics 521 and  Com puter 
Science 422. M W  F 9:05. Mr. W alker.
Lp norms; least-square approxim ation and orthogonal functions: Tcheby- 
cheff, asymptotic, rational and continued fraction approxim ations; the 
quotient-difference algorithm ; methods of descent and  ascent.
[587. CO M PU TA TIO N A L COM PLEXITY]
Fall term . Credit four hours. Prerequisite: Com puter Science 486 or 488 or 
consent of the instructor. M W  F 11:15. N ot offered in  1967-68.
590. SPECIAL INVESTIGATIONS IN CO M PU TER  SCIENCE 
T hroughou t the year. C redit and sessions to be arranged.
Offered to qualified students individually or in small groups. D irected study 
of special problem s in the field of com puter science. (Register only w ith the 
registration officer of the departm ent.)
591. CO M PU TER SCIENCE GRADUATE SEMINAR
T hro u g h o u t the year. C redit one hour. For g raduate students interested in  
com puter science. T h  4:30-6:00. Staff, visitors, and  students.
A weekly m eeting for the discussion and study of im portan t topics in  the 
field.
661. SEMINAR IN N A TU RA L LANGUAGES
Spring term . One tw o-hour m eeting per week to be arranged. Sem inar given 
in  conjunction w ith the Linguistics D epartm ent. M r. Coynad.
A pplication of com puter techniques to n a tu ral language processing.
[621. SEMINAR IN NUM ERICAL ANALYSIS.]
One term . Credit four hours. Prerequisite: consent of the instructor. Not 
offered in  1967-68.
[681. SEMINAR IN AUTO M ATA  THEORY.]
One term . Credit four hours. Prerequisite: consent of the instructor. N ot 
offered in 1967-68.
DATA PROCESSING SYSTEMS (Business and Public A dm inistration 901) 
Spring term . Credit three hours. M W  F 8.
An introductory  course in  m odern data processing systems for graduate 
students no t in  com puter science.
ADVANCED DATA PROCESSING SYSTEMS (See O perations Research 9582) 
Fall term . Credit three hours. Prerequisite: Com puter Science 401, or BPA 
901, or consent of the instructor.
Concerned w ith design of integrated data  processing systems for operational 
and financial control.
D IG ITA L SYSTEMS SIM ULATION (See O perations Research 9580)
Fall term . C redit th ree hours. Prerequisite: C om puter Science 401 and  a 
course in  probability.
T h e  use of a program  for a digital com puter to sim ulate the operating  
characteristics of a complex system in time.
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SW ITCH IN G  SYSTEMS I (See Electrical Engineering 4587)
Fall term . Credit three hours. Prerequisite: Electrical Engineering 4322 or 
consent of the instructor.
Topics include switching devices, realization of com binational switching 
circuits, sequential circuits, arithm etic units in a digital com puter.
SW ITCH IN G  SYSTEMS II (See Electrical Engineering 4588)
Spring term . Credit three hours. Prerequisite: Electrical Engineering 4587 
or equivalent.
A continuation  of Switching Systems I.
ELECTRICAL ENG INEERING
Faculty: Paul D. Ankrum , Joseph M. Ballantyne, H eniy  D. Block, R alph 
Bolgiano, Neil M. Brice, Nelson H. Bryant, H erbert J . Carlin, G. Conrad 
Dalman, Nicholas DeClaris, Lester F. Eastman, W illiam  H. Erickson, Donald 
T . Farley, Terrence L. Fine, T hom as Gold, Ju ris H artm anis, Clyde E. Ingalls, 
Frederick Jelinek, Edwin F. Johnson, M yunghwan Kim, Charles A. Lee, 
R ichard L. Liboff, Simpson Linke, Lee A. MacKenzie, H enry S. M cGaughan, 
Paul R. Mclsaac, Charles W. M erriam  III, W ilbur E. Meserve, John  A, N ation, 
Benjam in Nichols, R obert E. Osborn, C hristopher Pottle, Edwin L. Resler, Jr., 
Joseph L. Rosson, Gian-Carlo Rum i, Neil J. A. Sloane, H oward G. Smith, 
R avindra N. Sudan, Chung-Liang Tang, Jam es S. T h o rp , Hwa C hung Torng, 
N orm an M. Vrana, Leonard S. W agner, Charles B. W harton, George J. Wolga, 
Stanley W. Zimmerman.
Field Representative: W ilbur E. Meserve, 230 Phillips H all
M AJOR AND M INOR SUBJECTS 
Electrical Engineering 
Electrophysics 
Electrical Systems
Considerable la titude is allowed in the selection of the m inor subjects, p ro ­
vided th a t the en tire  program  shows a unified purpose.
A dequate work in advanced physics and m athem atics is required  of candi­
dates for the degree of Ph.D. At least one of the two m inor subjects m ust be 
chosen outside the Field of Electrical Engineering.
T h e  appropria te m ajor and m inor subjects listed above define broad areas 
in the Field of Electrical Engineering w ithin which a student may p lan  a 
graduate program  which best suits his needs. In  addition  to the formal courses 
listed below, members of the faculty are prepared to guide individual students 
in  special topics and to arrange seminars for students interested in  closely 
related lines of study and research. Proficiency is expected in all phases of the 
graduate program .
ADMISSION REQ UIREM EN TS. T hough the G raduate Record Exam ination 
is not required  in the Field of Electrical Engineering, applicants are urged 
to take this exam ination, subm itting  its results along w ith their application 
for graduate work.
As prerequisite for graduate work leading to the degree of M.S. or Ph.D. 
w ith a m ajor in the Field of Electrical Engineering, the candidate should have 
had  the equivalent of the fundam ental work required  by an accredited under­
graduate curriculum  in the area of his m ajor subject. T he candidate m ust
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also supply definite evidence of scholarly interest and  ap titu d e  for advanced 
study.
LANGUAGE REQ UIREM EN TS. T here  is no foreign language requirem ent 
for the M.S. degree.
For admission to Ph.D. candidacy, a student is required  to dem onstrate 
proficiency in  one m odern foreign language.
EXAM INATIONS. T h e  Field of Electrical Engineering requires th a t every 
Ph.D. student, p rio r to taking the Admission to Candidacy E xam ination, 
com plete successfully a qualifying exam ination.
For the M aster of Science Degree a final exam ination is required . 
Exam inations as required  by the G raduate School (see pages 9-10) are con­
ducted by the s tuden t’s Special Committee.
FACULTY RESEARCH INTERESTS. M embers of the faculty in the Field 
of Electrical Engineering are especially interested in  d irecting graduate 
research in  the following areas:
ELECTRICA L ENG IN EERIN G. A pplied m athem atics: biom edical elec­
tronics: electrical m easurem ents: ionospheric studies: m agnetohydrodynam ics: 
m aterials science; physics of maser and laser systems; radio  astronom y; satel­
lite instrum ents.
ELECTRICA L SYSTEMS. Analysis and  synthesis of tim e-variable and n on­
linear systems: switching systems; control systems analysis, optim ization and 
adaptation; conversion, transmission and  control of electric energy: infor­
m ation theory; random  processes; signal processing, system theory.
ELECTROPHYSICS. Lasers; microwave electronics; plasm a physics; quantum  
electronics; radiophysics.
I t is no t desirable, nor is it in tended, th a t the boundaries between these 
areas be too rigidly defined. R ather, every effort is m ade to allow each student 
to pursue a program  designed to give him  a period of broad advanced study. 
T o  this end, work in such subjects as applied physics, astronomy, biological 
science, engineering materials, fluid mechanics, or therm odynam ics may be 
considered as partially  fulfilling the requirem ents for a m ajor or m inor in 
Electrical Engineering, even though these subjects are no t under the 
direct jurisdiction of the faculty of the School of Electrical Engineering.
Financial Aid
In  addition  to several University-wide fellowships, th e  following are available 
for Electrical Engineering degree candidates:
John  M cM ullen G raduate Fellowship. $2,000 plus tu itio n  and fees.
AEC Traineeships in  N uclear Science and Engineering. Stipends sim ilar 
to NSF and NASA Traineeships.
IBM Fellowship. $1,800 plus tu itio n  and fees. Provision for an  additional 
$700 if candidate is m arried  and has a t least one child. O pen to candidates 
in  the  Fields of A pplied Physics, Electrical Engineering, and O perations 
Research.
NASA Traineeships. Available on a twelve-month basis in am ounts of $2,400 
to $2,800 plus tu ition  and  fees. A $600 allowance is available if recipient is 
m arried  and has one or m ore children. O pen to U nited  States citizens.
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N ational Science Foundation Traineeships. Available on a nine- or twelve­
m onth basis. Stipends are $2,400, $2,600, and $2,800 on a twelve-month basis 
for first, second, and th ird  years respectively. T u itio n  and fees will be paid, 
and $500 per dependent is allowed on the twelve-month basis. Candidates 
m ust be U nited States citizens.
Xerox Fellowship. $3,500 plus tu ition  and fees. Open to students in  the 
first year of graduate study m ajoring in any of the Fields encompassed by the 
M aterials Science Center, such as Electrical Engineering, A pplied Physics, 
M aterials Science and Engineering, and T heoretical and Applied Mechanics.
Michael Faraday and Jam es Clerk Maxwell Fellowships of Cornell Aero­
nautical Laboratory. Range from $2,000 up  plus tu ition  and fees. Provision 
for an additional $600 if recipient is m arried.
U nited States Steel Foundation Fellowship. $1,500 plus tu ition  and fees. 
Provision for an additional $600 if recipient is m arried.
Charles Bull Earle M emorial G raduate Fellowship. $600 plus tu ition  and 
fees. T he stipend may be supplem ented in special cases.
T here  are also several teaching fellowships and research assistantships 
available paying $2,000 and tu ition  and fees w ith adjustm ents upw ard to 
$2,800 for additional qualifications and experience. Research assistantships 
may be granted for full-tim e sum m er work paying $1,000.
A prospective graduate degree candidate is invited to d irect his inquiries 
to the G raduate Field Representative for Electrical Engineering, 230 Phillips 
H all.
Professional Degree
T he M aster of Engineering degree is the only professional engineering degree 
offered by Cornell University. Admission to the M aster of Engineering 
(Electrical) degree program is open to persons who have been granted 
Bachelor’s degrees, or the equivalent, and who have sufficient train ing  to 
indicate th a t they can profitably study the advanced courses offered for these 
students in the School of Electrical Engineering. T he purpose of this degree 
program  is to offer depth  of study in both comprehensive and specialized 
electrical engineering subjects, and to offer study extending the abilities of 
the electrical engineer to o ther areas.
In addition to the general requirem ents for the degree (see page 178), a 
fu rther requirem ent for the M aster of Engineering (Electrical) is a m inim um  
of two two-course sequences in advanced electrical engineering (chosen from 
a designated list).
G raduates of Cornell University w ith a Bachelor of Electrical Engineering 
degree may be granted up to fifteen hours of credit for advanced courses taken 
during  the fifth undergraduate year, provided they en ter the M.Eng.(E). p ro ­
gram not later than the fall term  following the sixth anniversary of their 
receiving the B.E.E. degree. For those students who are granted  fifteen credit 
hours of advanced standing, the requirem ent is six credit hours in the School 
of Electrical Engineering ra th e r than  two two-course sequences, and the design 
requirem ent m ay be waived.
Elective and Graduate Courses
Of the following elective and graduate courses, certain ones may not be 
offered every year if the dem and is considered to be insufficient.
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THEORY OF SYSTEMS AND NETW ORKS
4501. SYSTEMS W IT H  RANDOM  SIGNALS
Credit four hrs. Fall. T hree  lectures, one recitation. Prerequisite: 4402 or 
equivalent. Mr. McGaughan.
Linear systems and signals: probability  and random  variables: random  
processes in com m unication systems; spectral analysis of random  processes; 
filtering of random  signals; band-pass signals and noise; envelope detection 
of signals and noise; post detection filtering; non linear receiver operations: 
m odulation systems: tim e and frequency m ultiplex  systems: noise in  analog 
m odulation systems.
4502. STA TISTICA L ASPECTS OF SYSTEM ANALYSIS
Credit four hrs. Spring. T hree lectures, one recitation. Prerequisite: 4501. 
Mr. M cGaughan.
Digital transmission systems: the discrete transm ission channel; elem ents 
of inform ation transmission and coding; inform ation capacity: system op tim i­
zation; linear least squares prediction and smoothing; m atched filters; optim um  
receivers; hypothesis testing; param eter estim ation; the m atched filter and 
th e  correlation receiver; wave-form systems and signal design; error p robab il­
ities and erro r bounds for various systems.
4503. TH EO RY  OF LINEAR SYSTEMS I
Credit four hrs. Fall. T h ree  lectures. Prerequisite: 4401 or consent of the 
instructor. Mr. DeClaris.
In troduction  to linear system theory th rough  an  axiom atic approach and 
its applications to control and inform ation processing. Characterization of 
linear lum ped param eter systems: integral, differential and norm al forms. 
T h e  state concept: state vectors, nodes in linear systems, th e  notions of 
controllability and observability. Analysis of tim e-invariant and time-varying 
linear systems and their properties. Signal spaces, duality  concepts. Discrete­
tim e linear systems. Stability of m otion.
4504. TH EO RY  OF N O N LIN EA R SYSTEMS I
Credit four hrs. Spring. T hree  lectures. Prerequisite: 4503 or 4501 or 4571 or 
consent of the instructor. Mr. DeClaris.
Lagrangian form ulation. Anatysis of first and second order nonlinear 
systems w ith applications. Phase p lane analysis of autonom ous systems; singular 
points, lim it cycles, and equilibrium  states; theories of Bendixson, L ienard, 
and Poincare; relaxation behavior in  the  phase plane; p ertu rba tion  theory, 
existence, convergence and periodicity of pertu rba tion  series; the m ethods of 
van der Pol, and Krylov and Bogoliubov. Forced nonlinear systems, harm onics, 
subharm onics, jum p phenom ena, and frequency en trainm ent; periodic systems, 
Floquet theory, M athieu-H ill theory, applications to th e  stability of nonlinear 
systems and to param etrically-excited systems.
4505-4506. O PTIM IZA TIO N  AND A PPR O X IM A TIO N  TEC H N IQ U ES 
I AND II
Credit four hrs. Fall and spring. T h ree  lectures. Prerequisites: 4402 and 
curren t registration in  4503 or consent of the instructor. Mr. T h o rp  or Mr. 
M erriam .
O ptim ization and approxim ation techniques used in the synthesis of 
systems and signals, with applications in  control and com m unication. Signal 
approxim ation problems: Kautz filters, m easurem ent of expansion co­
efficients, com plem entary filters. Examples of signal approxim ation problem s
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in biological and electrical systems. O ptim um  pole positions for exponential 
approxim ation. C om putational m ethods for param eter optim ization and a p ­
proxim ation problems. Form ulation of determ inistic control optim ization 
problems: m inim al time, m inim al fuel, regulator problems. In troduction  to 
variational methods. Solution of two-point boundary-value problems by 
control vector iteration. Statistical optim ization problems. Synthesis of 
optim al filters and feedback controllers.
4507-4508. RANDOM PROCESSES IN ELECTRICA L SYSTEMS 
Credit four hrs. T hree  lectures. Mr. Fine or Mr. Jelinek.
T h e  concepts of randomness and uncertainty and their relevance to the 
design and analysis of electrical systems. An axiom atic characterization of 
random  events. N um erically valued events: random  variables and random  
vectors. D istribution  functions and densities. Functions of random  vectors. 
Expectation and measures of fluctuation. M oment and probability  inequalities. 
Properties and applications of characteristic functions. Convergence of se­
quences of random  variables: laws of large num bers and central lim it 
theorems. More general collections of random  variables: random  processes. 
Random  processes as signal or system models and their specification. Sample 
function behavior. Markov processes, particularly  chains and the Poisson 
process. Stationarity and ergodicity. T h e  Gaussian process. W ide sense sta­
tionary processes: correlation functions, spectra. Representations of random  
processes. T ransform ations of random  processes by nonlinear devices and 
filters. O ptim um  filtering theories.
4571-4572. N ETW O RK  ANALYSIS AND SYNTHESIS I AND II 
C redit three hrs. per term . T hroughou t the year. T hree  lectures. Mr. Carlin.
Scattering, im m ittance, and hybrid  network formalisms discussed and 
applied to network analysis and power transfer in m ultipo rt junctions. E le­
m ents of synthesis of reciprocal and nonreciprocal lum ped networks including 
n-ports. General physical basis for network techniques in d istribu ted  systems 
deduced from linearity, tim e-invariance and power-energy constraints. G en­
eralized bounded real and positive real functions and matrices, and the theory 
of physical realizability applications to propagation in  nonreciprocal m edia, 
synthesis of transmission line networks, gain-bandw idth theory of active 
devices. At the level of Carlin and Giordano, N etw ork Theory: A n  In tro ­
duction to Reciprocal and Nonreciprocal Circuits.
4601. TH EO RY  OF N ONLINEAR SYSTEMS II
Credit four hrs. Spring. T h ree  lectures. Prerequisite: 4504 o r consent of the 
instructor. Mr. T horp .
Nonautonom ous and higher order nonlinear systems w ith applications; 
representation of systems w ith several degrees of freedom; approxim ations; 
use of Lyapunov functions in system stability determ ination  and design; de­
scribing functions and Aizerman’s hypothesis, theory of L u r’e-Letov for n on­
linear control; asymptotic expansions for the period behavior of systems under 
the influence of periodic external forces; m ethod of averaging; systems w ith 
slowly varying param eters, Manley-Rowe relations; orthogonal representa­
tion of nonlinear systems; nonlinear filters and com pensating systems, system 
optim ization.
4603. TH EO RY  OF LINEAR SYSTEMS II
Credit four hrs. T hree  lectures. Fall term . Prerequisite: 4503. Mr. DeClaris.
Rigorous developments of linear graph theory and of linear transform ations 
w ith applications to control and com m unication systems. Topological p ro p ­
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erties of w eighted graphs, signal-flow graphs, com m unication nets. Algebraic 
methods. Signal analysis. Functionals and properties: model m aking. Linear 
function spaces w ith applications to system realization, stability and sensi­
tivity. Asymptotic expansions.
4604. UNIFIED  TH EO RY  OF ELECTROM ECHANICAL SYSTEMS 
Credit th ree hrs. Two lectures, one com putation  period. Prerequisite: 4441, 
4442, or consent of the instructor.
Electric machines studied as networks of coupled circuits w ith  periodically 
varying param eters; forces and torques in  electromechanical systems; electro­
m agnetic and electrostatic transducers; K ron’s basic m achine w ith  its practical 
derivatives; the synchronous, induction and com m utator machines in  the 
transient and steady state; frequency response m ethods applied to machines.
ELECTROMAGNETIC THEORY  
4511. ELECTRODYNAMICS
C redit four hrs. Fall. T h ree  lectures, one recitation. Prerequisites: 3212 or 
equivalent, and coregistration in M athematics 421 or equivalent. Mr. Liboff.
Foundations of electrom agnetic theory; po ten tial theory; M axwell’s equa­
tions: microscopic in te rp reta tion  of perm ittiv ity  and  perm eability; electro­
m agnetic energy-m om entum  and stress tensors; interaction  of fields w ith rigid 
and fluid conductors in m otion; waves in  various homogeneous, inhom o­
geneous, and anisotropic m edia, including plasmas: guiding of waves, cavities, 
radiation  and antennas; use of G reen’s function, pertu rba tion , variational, 
and W KBJ m ethods; special relativity, fields of uniform ly moving and of 
accelerated charges, rad iation  reaction. At the level of Panofsky and  Phillips, 
Classical Electricity and M agnetism.
4514. MICROWAVE TH EO RY
C redit four hrs. Spring. T hree  lectures, one recitation. Prerequisite: 4511 or 
equivalent.
T heory  of passive microwave devices for propagating, storing, coupling, or 
rad iating  microwave energy, including the theory of uniform  and periodic 
waveguides, cavities, junctions, and antennas: application of inhomogeneous, 
anisotropic, dispersive, or nonlinear dielectric and m agnetic m aterials to 
microwave devices; circulators, isolators, tunable filters, lim iters, artificial d i­
electrics; techniques of analysis, including use of orthogonal functions, p e r­
tu rbation  theory, variational techniques, G reen’s functions, and  symmetry 
principles.
4567. ANTENNAS AND RA DIA TION
C redit three hrs. Fall. T h ree  lectures. Prerequisites: 4312 and  4401, or 
equivalent. Mr. Farley.
Form ulation of the electrom agnetic field in term s of vector and scalar 
potentials: rad iation  from elem ental electric and  m agnetic dipoles. L inear 
radiators: radiation  from short dipoles, small loops; resonant wire antennas; 
long wire antennas, linear arrays and pa tte rn  synthesis; im pedance properties 
of wire antennas, including m u tu al im pedance, parasitic elements: wire re ­
ceiving antennas. A perture antennas: uniqueness theorem  for vector fields, 
equivalence and induction principles; rad iation  from open-ended waveguides, 
ho rn  antennas, reflector antennas; B abinet’s principle: slot antennas.
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4568. ADVANCED A NTENNA M ETHODS AND PROBLEMS
Credit three hrs. Spring. T hree  lectures. Prerequisites: 4567 or equivalent,
and 4511 o r equivalent. Mr. Farley.
Huygens’ principle for electrom agnetic fields, application to problem s of 
diffraction and aperture radiators; surfacewave antennas; various specialized 
antennas, helical, log periodic, radio astronom y systems, space and satellite 
systems; radiation in dielectric and plasma media, including m edia in m otion: 
an tenna thermodynamics.
4421-1422. ADVANCED ELECTRICA L LABORATORY 
Credit four hrs. May be taken in the fall and spring consecutively or sep­
arately. One lecture, two laboratories. Prerequisite: 4322 or consent of the 
instructor.
Advanced experim ents concerning a wide range of topics appropria te to 
electrical engineering, and lectures concerning experim ental techniques and 
practical aspects of electronics. A bout th irty  different experim ents are available 
concerning topics of transistor and tube amplifiers, feedback, class-C am pli­
fiers and oscillators, gyrators, doubletuned circuits, push-pull amplifiers, m u lti­
vibrators, operational amplifiers, switching systems, oscillator synchroniza­
tion, noise properties, microwave circuits, microwave propagation and scatter­
ing, sem iconductor properties such as th e  hall effect and m inority  carrier 
mobility, helicone waves, G unn and avalanche diode oscillators, lasers, 
propagation of electromagnetic waves, antennas, and  a-c and d-c machines. 
T h e  student is expected to perform  three or four experim ents per term , 
selected to meet his needs. Emphasis is placed upon independent work.
4520. GRADUATE LABORATORY
Credit three hrs. Fall normally, bu t e ither term  if dem and is sufficient. One 
laboratory.
Choice of three to five experim ents in the fields of solid-state and quantum  
electronics, microwave electronics, vacuum and physical electronics, optics, 
radio and com m unication circuits, networks, transmission lines, antennas, 
propagation of electrom agnetic waves, plasm a physics, and electrical m achinery.
ELECTRONICS
4431-4432. ELECTRO N IC C IR C U IT  DESIGN
Credit three hrs. per term. T hro u g h o u t the year. Two lecture-recitations, one 
laboratory. Prerequisite: 4322. Mr. Bryant.
Design techniques for circuits used in electronic instrum entation . Circuits 
will be designed to provide specific functions, then constructed and tested 
in the laboratory. At the level of M illm an and T au b , Pulse D igital and Sw itch­
ing Waveforms.
4433. SEM ICONDUCTOR ELECTRONICS I
Credit four hrs. Fall. T hree  lectures, one laboratory. Prerequisites: 4302 
and 4322. Mr. A nkrum .
Band theory of solids; properties of sem iconductor materials; the physical 
theory of p-n junctions, metal-sem iconductor contacts, and p-n junction  
devices; device fabrication; properties of sem iconductor devices such as diodes 
and rectifiers, light-sensitive and light-em itting devices, field-effect and b i­
polar transistors, un ijunction  transistors, p-n-p-n devices (diodes, controlled 
rectifiers and switches), etc.; device equivalent-circuit models; field-effect and 
b ipolar transistor am plifier stages. At the level of the Semiconductor Elec­
tronics Education Com m ittee (S.E.E.C.) Series, Vols. 1-4.
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4434. SEM ICONDUCTOR ELECTRONICS II
C redit four hrs. Spring. Two lectures, two laboratories. Prerequisite: 4433. Mr. 
Ankrum.
A continuation  of Semiconductor Electronics I w ith emphasis on  the 
application of sem iconductor devices as active or passive elem ents in  circuits 
for use as power supplies, power controls, amplifiers, oscillators and m u lti­
vibrators, pulse circuits, gates and switches, etc.; transistor noise; in tegrated  
circuits. At the level of the S.E.E.C. Series, Vols. 5 and  6 and  Sem iconductor 
Controlled Rectifiers: Principles and Application  o f p-n-p-n Devices, by 
Gentry, et al.
4531. QUA NTU M  ELECTRONICS I
Credit four hrs. Fall. T hree  lectures, one recitation-com putation. P re­
requisites: 4311, 4312, and  Physics 443 or 4411. Mr. W olga.
A detailed treatm ent of the  physical principles underly ing microwave, and 
optical masers and related fields. Topics will include a brief review of 
q uan tum  mechanics and the theory of angular m om entum ; spectroscopy of 
free atom s and ions w ith particular emphasis on the application  of the results 
to n eu tra l and ionized noble gas masers; theory of in teraction  of rad iation  
and m atter; quantum  theory of coherence; a thorough study of the steady- 
state and dynam ic characteristics of microwave and optical masers.
4532. Q UA NTU M  ELECTRONICS II
Credit four hrs. Spring. T hree  lectures, one recitation-com putation. P rerequ i­
site: Q uantum  Electronics I or consent of the instructor. Mr. Wolga.
A continuation  of the treatm ent of the physical principles underly ing masers 
and related fields. Topics will include a consideration of microwave and o p ti­
cal spectroscopy of im purity  ions in solids w ith particular em phasis on the 
application of the results to microwave and optical solid state masers; density 
m atrix  and its applications in  the study of masers and  related  problems; 
nonlinear optical phenom ena and m ultiplephoton  processes; interaction  of 
intense light waves w ith  m olecular vibrations and elastic waves; theory and 
properties of m olecular and  sem iconductor masers; characteristics of optical 
resonators.
4535. SEM ICONDUCTOR DEVICES I
Credit four hrs. Fall. T h ree  lectures. Prerequisite: 4412 or equivalent. Mr. 
Dalman.
A study of the physical theories underlying sem iconductor devices with 
emphasis on low frequency operation  (below 1,000 GHz). Devices based on the 
tunnel effect: tunnel diodes, field em itter cathodes, th in  film resistors. Devices 
based on charge flow across sem iconductor-semiconductor contacts: p-n diodes, 
avalanche diodes, transistors, field-effect transistors, u n ipo lar transistors. 
Devices based on metal-sem iconductor contacts: Shottky diode, Shottky triode. 
Emphasis is placed on determ ining the factors determ ining perform ance 
capabilities. Equivalent circuits are developed. T h e  studen t will carry out 
e ither a term  laboratory project or p repare a  term  paper on an appropria te 
contem porary topic. T h e  course is presented a t the level of Moll, Physics of 
Semiconductors (McGraw-Hill) and of cu rren t papers published in  the IEEE  
Transactions on Electron Devices.
4536. SEM ICONDUCTOR DEVICES II
C redit four hrs. Spring. T hree  lectures. Prerequisite: 4551 or equivalent. Mr. 
Dalman.
A study of the physical theories underlying sem iconductor devices w ith
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emphasis on high frequency operation  (above 1,000 GHz). T he approaches 
to the analysis to be studied are: Ballistic analysis, electronic-network analysis 
(Llewellvn-Peterson), space-charge wave and coupled-mode analysis. Devices 
studied include: avalanche microwave diode (Read diode), microwave tra n ­
sistors, tunnel diodes, G unn oscillators, injection lasers. Emphasis is placed 
on determ ining the factors th a t determ ine the perform ance capabilities. 
Equivalent circuits are developed. T h e  student will carry out either a term 
laboratory project or prepare a term  paper on an appropria te contem porary 
topic. T he course is presented at the level of curren t papers published in the 
IEEE Transactions on Electron Devices.
4538. ELECTRO M A GN ETIC PR O PER TIES OF SOLIDS
Credit four hrs. Spring. T hree  lectures, one recitation. Prerequisites: Phys.
454, or 4412 and 4511 (Electrodynamics), or consent of the instructor. Mr.
Ballantyne.
Microscopic in terpreta tion  of complex perm ittiv ity  and perm eability: elec­
tronic, atomic, orientation and space charge polarization; interaction  of 
elem entary magnetic moments; dielectric dispersion via resonance and re- 
lazation, plasma resonance; quan tum  theory of dielectric constant; local in ­
ternal field and spontaneous ordering; in troductory lattice dynamics, lattice 
frequency spectrum , introductory group theory and application to derivation 
of selection rules for infrared  and R am an active norm al modes; extended 
frequency analysis of v ibrational spectra.
4631. ADVANCED MICROWAVE ELECTRONICS
C redit four hrs. Fall. T h ree  lectures, one com putation period. Prerequisite: 
4552. Mr. Eastman.
Physical theory of waveguides and cavities containing gaseous and solid 
state plasma, including dispersion, periodicity, modes, impedance, coupling 
and perturbation ; microwave physics of gaseous and solid state plasmas, and 
drifting  electrons; active effects of d rifting  electrons, charge avalanching, 
transferred electrons as in G unn effect, and of microwave acoustic and 
Helicon waves.
POWER SYSTEMS AND MACHINERY
4441. CONTEM PORARY ELECTRICA L MACHINERY I
Credit three hrs. Fall. Two lecture-recitation periods, one laboratory-com- 
pu ta tion  period. Prerequisite: 4302. Mr. Osborn.
Emphasis on  engineering principles. Real and reactive power requirem ents 
of core m aterials with symmetrical and w ith biased m agnetizing forces; 
analysis and characteristic prediction of high-efficiency transform ers; magnetic 
amplifiers, energy transfers am ong electric circuits, m agnetic fields and  m e­
chanical systems; control of m agnetic field d istribu tion  by reluctance and 
w inding d istribution; travelling fields from polyphase excitation; elem entary 
idealized com m utator-type, asynchronous, and synchronous machines.
4442. CONTEM PORARY ELECTRICA L MACHINERY II
Credit three hrs. Spring. Two lecture-recitation, one laboratory-com putation 
period. Prerequisite: 4302. Mr. Osborn.
Emphasis on engineering principles. Production of air-gap m agnetic fields; 
elem entary and idealized ro tating  machines; steady-state and transient char­
acteristics of realistic ro tating  machines; a-c com m utator-type single-phase 
motors; polyphase synchronous, and single phase induction machines; re ­
cently developed types: Saturistor m otor, self-excited a-c generators; m is­
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cellaneous rotary devices: Hysteresis m otor, selsyns, am plidynes, frequency 
converters.
4443. POW ER SYSTEM EQ U IPM EN T
C redit three hrs. Fall. Two lectures, one com putation period. Prerequisite: 
4302. Mr. Zimmerman.
System equipm ent and control param eters are studied. T est requirem ents 
for electrical apparatus for conventional and nuclear electrical power p ro ­
duction and d istribu tion  are considered. Prim e movers, generators and their 
accessories, switchgear, protective devices, power transform ers, converters, 
towers, conductors, regulating devices, and data  gathering and com puter con­
trol systems are analyzed. Inspections of nearby station equipm ent are p lanned 
to supplem ent classroom work.
4444. H IG H  VOLTAGE PHENOM ENA
Credit three hrs. Spring. Prerequisite: 4302. Mr. Zimm erm an.
T h e  study of problem s of the norm al operation  of power systems a t very 
high voltages, of the abnorm al conditions imposed by lightning, of the 
m ethods employed to assure proper operation  of power systems and apparatus 
under high-voltage conditions, and of the devices available for laboratory 
testing of equipm ent under actual or sim ulated conditions. An invitation  to 
visit electrical m anufacturing test facilities is usually accepted. Considerable 
a tten tion  is given to dielectric behavior and testing techniques.
4445-4446. ELECTRIC ENERGY SYSTEMS I AND II
C redit four hrs. per term . T hree lecture-recitation-com putations. Prerequisites:
4422 or 4302 and consent of the instructor. Mr. Linke.
T h e  physical and engineering principles underlying steady-state and tra n ­
sient operation  and control of m odern electric-power systems, w ith emphasis 
on the characteristics of m ajor power-system param eters. Theory  of electro­
m echanical energy converters, power transform ers, conventional transmission 
lines and cables, high-voltage-direct-current systems, power networks and 
o ther power-system com ponents; use of the d igital com puter as a dynamic 
“laboratory” model of a complex power system for load flow, fault, transient 
stability and economic-analysis studies. Laboratory-com puting periods will 
include selected experim ents w ith electrom echanical energy converters. At 
the level of Stevenson, Elem ents of Power System Analysis, 2nd Edition.
RADIO AND PLASMA PHYSICS
4461. WAVE PHENOM ENA IN T H E  ATM OSPHERE
Credit three hrs. Fall. T h ree  lecture-recitation periods. Prerequisites: 4302 and 
4312. Mr. Bolgiano.
An elem entary treatm ent of wave phenom ena in the  atm osphere of the 
earth  including gravity waves, p lanetary waves, acoustic waves, radio waves, 
and plasma waves; atten tion  is directed to the role of these phenom ena in 
various atm ospheric processes and engineering problems, such as w eather, 
pollu tion , radio com m unication, atom ic fallout.
4462. RADIO ENGIN EERIN G
Credit th ree hrs. Spring. T hree  lecture-recitation periods. Prerequisite: 4312 
and 4402. Mr. Bolgiano.
A study of electrical systems for com m unication, control, detection, and 
o ther purposes, in  which radiowaves (wireless) play a central role: system 
functions, including generation, m odulation, transmission, reception, and  d e­
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m odulation; guidance, radiation , and propagation of radiowaves, including 
transmission lines and waveguides, an tenna systems, and the effects of 
atm ospheric inhomogeneity; system design problems.
4561. IN T R O D U C T IO N  T O  PLASMA PHYSICS
C redit three hrs. Fall. T hree  lectures. Prerequisites: 4311 and 4312 or equiva­
lent. Mr. Sudan.
Plasma state; m otion of charged particles in fields; adiabatic invariants, 
collisions, coulomb scattering; Langevin equation; transport coefficients, ambi- 
polar diffusion, plasma oscillations and waves; hydrom agnetic equations; 
plasma confinement, energy principles and macroscopic instabilities; test 
particle in a plasma; elem entary applications. At the level of Longmire, 
Elementary Plasma Physics.
4562. WAVES IN PLASMAS
Credit three hrs. Spring. T hree  lectures. Prerequisite: 4561. Mr. N ation.
M agnetoactive cold plasma theory, CMA diagrams, plasm a and cyclotron 
waves, whistlers, hydrom agnetic waves, bounded plasmas, shocks, radiation; 
applications to laboratory and n a tu ral phenom ena. At the level of the first 
half of Stix, Theory o f Plasma Waves.
4564. ADVANCED PLASMA PHYSICS
C redit three hrs. Spring. T hree  lectures. Prerequisite: 4561. Mr. Sudan.
Boltzmann and Vlasov equations; moments of kinetic equation, Chew- 
Goldberger-Low theory, waves in hot plasmas, Landau dam ping, instabilities 
due to anisotropies in velocity space, gradients in m agnetic field, tem perature 
and density, etc.; effects of collisions and Fokker-Planck terms; high frequency 
conductivity and fluctuations, quasi-linear theory; nonlinear wave in te r­
action, weak turbulence and tu rb u len t diffusion.
4565-1566. RADIOPHYS1CS OF T H E  ATM OSPHERE I AND II
Credit three hrs. each term . Fall and spring. Prerequisites: 4312 and 4401, or
equivalent. Mr. Brice.
Structure of the ea rth ’s atm osphere, w ith particular emphasis on the use 
of radio waves as diagnostic tools. T he course will include such topics as 
subionospheric propagation; propagation in the ionosphere including the 
Luxem burg effect and Faraday rotation; whistler-mode propagation, ion 
effects and ion whistlers; the CMA diagram , Astrom's equation, group velocity 
in anisotropic m edia and ray tracing; full wave solutions for slowly varying 
media; therm al effects including ion-acoustic waves, dam ping and growth of 
waves; radar in the ionosphere including scatter from tu rb u len t and therm al 
fluctuations.
4661. K IN ETIC EQUATIONS
Credit three hrs. Fall. T hree  lectures. Prerequisites: Physics 561 and 562, or 
permission of the instructor. Mr. Liboff.
Designed for students wishing a firm foundation in fluid dynamics, plasma 
kinetic theory, and nonequilibrium  statistical mechanics. Brief review of 
classical dynamics. T he concept of the ensemble and the theory of the Liou- 
ville equation. Prigogine and Bogoliubov analysis of the I5BKGY sequence. 
Chapm an-Kolmogorov analysis of M arkovian kinetic equations. Derivation of 
fluid dynamics. K inetic form ulation of the stress tensor. Boltzmann, Krook, 
Fokker-Planck, Landau and Balescu-Lenard equations. Properties and theory 
of the L inear Boltzmann collision operator. Chapm an-Enskog and Grad 
m ethods of solution of the Boltzm ann equation. E quilibrium  prescription of
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the approach to equilibrium . Coarse grain ing and ergodic theory. At the 
level of Prigogine, N onequilibrium  Statistical Mechanics.
COM MUNICATIONS
4472. IN T R O D U C T IO N  T O  ALGEBRAIC CODING
C redit th ree hrs. Spring. T h ree  lectures. Prerequisite: M ath 293 or equivalent. 
Mr. Sloane.
In tended  for students interested in  inform ation theory or d igital systems. 
Codes for correcting errors in  data  transmission or processing: G roup codes, 
H am m ing codes, Bose-Chaudhuri codes. Bounds on perform ance. Codes for 
d a ta  compression and storage: V ariable-length codes, prefix codes. Codes for 
synchronization and their application to location of d istan t objects by radar. 
Analysis of these codes in  term s of the underlying algebraic theory. Im ple­
m entation  by sequential machines. T he algebraic theory (groups, fields, ’etc.) 
will be developed as needed.
4673. PRINCIPLES OF ANALOG AND D IG ITA L CO M M UN ICATION  
Credit four hrs. Fall. T h ree  lectures. Prerequisite: 4508 or consent of the 
instructor.
Uses the fundam entals of inform ation theory, signal theory, and statistical 
estim ation and decision theory to form ulate approaches to the solution of 
problem s arising in digital and analog com m unication. Particu lar topics are: 
receiver and signal design, probability  of error, capacity, threshold  effects for 
the additive Gaussian channel. Extensions to the  additive Gaussian channel: 
Feedback, random  gain and phase, diversity. T im e-variant Gaussian chan­
nels: receiver and signal design, probability  of error, and capacity. At the  level 
of V iterbi, Principles o f Coherent Com munication.
4674. TRANSMISSION OF IN FO RM A TIO N
Credit four hrs. Prerequisite: 4507, or M athem atics 571, or consent of the 
instructor.
Applies inform ation theory to the  analysis and design of com m unication 
systems. Selection of fidelity criteria for accurate and efficient transm ission of 
inform ation. Efficient representation  of ou tp u ts  of message sources. T he 
entropy m easure and its properties. Encoding for reliable com m unication 
th rough  discrete memoryless noisy channels. R ate of inform ation transmission 
and the probability  of decoding error, channel capacity. Systematic codes 
and the instrum entation  problem . Sequential decoding. Coding and decoding 
for the band-lim ited Gaussian channel. At the level of F. Jelinek, Probabilis­
tic Inform ation Theory.
4676. DECISION AND ESTIM A TIO N  TH E O R Y  FO R SIGNAL 
PROCESSING
C redit four hrs. Fall. T hree lectures. Prerequisite: concurrent registration in 
4507 o r M athem atics 571. Mr. Fine.
An exam ination of selected decision o r estim ation problem s encountered 
in  the design and analysis of rad ar/so n ar target discrim ination, signal d e­
m odulation, and p attern  classification systems. T he hypotheses of risk and 
uncertainty, the role of objectives, criteria for evaluating decision or esti­
m ation, procedures and  characteristics of such procedures. A dditional topics, 
draw n from the fields of param etric and nonparam etric statistics, em pirical 
tim e series analysis, game theory, and nonprobabilistic decision or estim ation 
procedures, will be treated  as required  for the resolution of the selected 
problems.
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COM PUTING SYSTEMS AND CONTROL  
4481—1482. FEEDBACK C O N TR O L SYSTEMS
Credit four hrs. Fall and spring. Prerequisite: 4302 or consent of the instructor. 
Mr. Kim.
Principles of feedback control systems w ith emphasis on  m ethods of analysis 
and synthesis to m eet prescribed perform ance criteria. One-sided Laplace 
transform  applications; electronic, electromechanical, electrohydraulic, and 
pneum atic components: cascade and feedback com pensation of linear control 
systems. Common physical nonlinearities encountered in control systems: phase 
plane and describing function; nonlinear compensation; dual mode systems; 
relay control systems. Z-transform; analysis of sam pled data  systems: digital 
compensation; optim ization of sam pled data  systems. Laboratory work consists 
of experim ents in: Components, transient and  frequency response m easure­
ments; com pensation on linear and  nonlinear control systems; sim ulation, 
design and optim ization of control systems by analog and digital com puters: 
projects of the studen t’s choice. At the level of Control System Analysis and  
Synthesis, by D ’azzo and Houpis.
4483. ANALOG CO M PU TA TIO N
C redit four hrs. Fall. Two lectures, one laboratory. Prerequisites: concurrent 
registration in 4401 or an equivalent background, and consent of the in ­
structor. Mr. Vrana.
Concepts and principles of analog com putation and sim ulation as applied 
to engineering analysis and design. Linear, tim e varying, and nonlinear d if­
ferential equations. A utom atic iterative and basic optim ization techniques 
using d igital logic. Laboratory work w ith general-purpose analog com puters, 
some equipped w ith patchable d igital logic. Develops fundam ental ideal to 
include subjects at the level of Levine, M ethods o f Solving Engineering 
Problems Using Analog Computers.
4485. ALGEBRAIC FO U ND A TION  FO R SW ITCH IN G  SYSTEMS 
Credit th ree hrs. T hree  lectures. Prerequisite: At least coregistration in  4487.
Presentation of algebraic concepts essential for studies in switching systems, 
w ith emphasis on engineering applications. Topics include: sets and  devices: 
alphabets, words and languages; m apping; relations; decom position of sets and 
circuit configuration: lattices; algebraic operations and  their properties, the 
in terp reta tion  of device term inal characteristics: semigroups, sim ple sequential 
circuits and their properties; groups, quo tien t groups, hom om orphism  and 
o ther theorems, decom position of sequential circuits, linear sequential c ir­
cuits: rings, Boolean ring  and switching algebra; modules and their ap p li­
cations in system analysis.
4487. SW ITCH IN G  SYSTEMS I
C redit three hrs. Fall. Two lectures, one laboratory. Prerequisite: 4322.
Switching algebra; switching devices; logical form ulation  and  realization 
of com binational switching circuits; m inim ization aids; num ber representation 
and codes; sim ple mem ory devices; synchronous sequential circuits: counters; 
shift registers and arithm etic  units in a d igital com puter.
4488. SW ITCH IN G  SYSTEMS II
Credit three hrs. Spring. T hree  lectures. Prerequisite: 4487 or equivalent.
Synchronous and asynchronous sequential circuits, form ulation and o p ti­
m ization; large-scale memory units, selection and control; fu rther discussion 
of arithm etic units; in tegrated  study of switching systems including general-
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purpose digital com puter, control switching, and com m unication switching; 
in troduction  to the general theory of learning machines.
4589. A UTOM ATA (COM PUTER SCIENCE 385)
Credit th ree hrs. Spring. T h ree  recitations. Prerequisites: M ath 293-294, or 
M ath 221-222, or equivalent.
Both the engineering and m athem atical aspects of autom ata will be in tro ­
duced. Examples of m athem atical topics: finite-state machines, neural nets, 
in p u t-o u tp u t machines. T u rin g  m achines, com putability . Examples of 
engineering topics: Machines th a t learn, adaptive systems, pa tte rn  recog­
nition , self-reproducing and self-repairing machines, system reliability , th resh­
old logic systems, biological models, heuristic program m ing, industrial tech­
nological applications, progress in  devices, autom atic language translation, 
cybernetics and robots.
4681. RANDOM  PROCESSES IN CO N T R O L  SYSTEMS
C redit four hrs. Fall. T h ree  lectures. Prerequisites: 4574 and  4584.
Prediction and filtering in  linear control systems: Gaussian-M arkov se­
quence, Gaussian-Markov process, prediction problem , H am iltonian  form u­
lation  of filtering problem , generalized W iener filtering, stochastic optim al 
and adaptative control problems. Selected topics: Bayes decision rule, m in-m ax 
policy, m axim um  likelihood estim ate, control of systems w ith  uncerta in  sta­
tistical param eters: stochastic differential equations, optim al nonlinear filter­
ing; Gaussian in p u t describing function, stability of control systems w ith 
random  param eters.
GENERAL
4591 and 4592. PR O JE C T  
Credit three hrs. Fall and spring.
Individual study, analysis, and usually experim ental tests in  connection 
w ith a special engineering problem  chosen by the student after consultation 
w ith the faculty m em ber directing his project; an  engineering report on the 
project is required.
4593. FUNDAM ENTALS OF ACOUSTICS
Credit four hrs. Fall. T hree  lectures, one laboratory. M r. Ingalls.
Given at the level of Fundam entals of Acoustics, by Kinsler and Frey. In ­
tended for first year g raduate students and qualified seniors. V ibrations in 
strings, bars, m em branes and plates; plane and spherical acoustic waves: 
transmission, reflection, absorption, resonators, filters: loudspeakers and 
microphones; speech, hearing, and  noise; arch itectural acoustics: ultrasonic 
and  sonar transducers: underw ater acoustics.
4595-4596. ELECTRICA L ENG IN EERIN G  DESIGN 
Credit th ree hrs. per term . Fall and spring.
Offered for students enrolled in the M.Eng.(E.) program . Utilizes real 
engineering situations in  w hich to present fundam entals of engineering 
design.
4690-4699. SPECIAL TOPICS IN ELECTRICA L ENG IN EERIN G  
Credit one to three hrs.
Seminar, reading course, or o ther special arrangem ent agreed upon  between 
the students and  faculty mem bers concerned.
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GEOLOGICAL SCIENCES
(Geology, Geochemistry, Geophysics, Geobiology, Physical Geography, A pplied 
Fields)
Faculty: A rth u r L. Bloom, L. L. Y. Chang, K enneth F. Clark, W . Storrs Cole, 
George A. Kiersch, Wesley E. LeM asurier, Shailer S. Philbrick, Jo h n  W . Wells.
Visiting Professor: Edwin D. McKee, U nited States Geological Survey, Denver, 
Colorado. (Fall term , 1968.)
Field Representative: George A. Kiersch, 140 McGraw H all.
M AJOR SUBJECTS 
Areal Geology 
Engineering Geology 
Geohydrology and Hydrogeology 
Geomorphology
Geochemistry, Mineralogy-Petrology
M INO R SUBJECTS 
All of the m ajor-subjects in the Field of Geological Sciences can also be taken 
as m inor subjects, along with others in the departm ent such as sedim entation, 
Pleistocene geology, w ater resources, and geological oceanography. M inor sub­
jects outside of the Field of Geological Sciences may be chosen from many 
fields, such as agronomy, botany, engineering, chemistry, m athem atics, physics, 
w ater resources, zoology, and biological sciences, or nonscientific fields.
T he program  of g raduate study in the Field of Geological Sciences is de­
signed to give broad train ing  in the field and laboratory. Candidates for 
advanced degrees norm ally will take one or both  m inor subjects outside of 
the Field of Geological Sciences.
G raduate work in Geological Sciences may include investigation under ap ­
proved direction in localities away from Ithaca and the northeastern  states. 
A brochure about graduate work in Geological Sciences may be obtained by 
w riting to the Field Representative.
ADMISSION REQ UIREM EN TS. Candidates w ith a m ajor in  this Field will 
be expected to offer for admission an A.B. degree or its equivalent. Students 
w ith undergraduate m ajors o ther than  geology such as physical sciences or 
engineering may be adm itted, w ith the expectation th a t deficiencies equivalent 
w ith the undergraduate m ajor in  Geological Sciences sim ilar to those at 
Cornell University will be rectified soon after admission.
Applicants for g raduate study in Geological Sciences should take the G radu­
ate Record Exam ination A ptitude T est and Advanced T est in  Geology in 
sufficient tim e to perm it inclusion of the results in the application for adm is­
sion to the G raduate School.
LANGUAGE REQ UIREM EN TS. M aster’s: proficiency in one of the following: 
French, G erm an, or Russian, to be established before the com pletion of 
the second residence unit. Doctorate: proficiency in two of the following: 
French, Germ an, Russian. Both m ust be established before the candidate will 
be allowed to schedule the Final Exam ination on his thesis.
Language exam inations will be adm inistered by the G raduate Language 
Board.
Geobiology, Paleontology, and 
Stratigraphy 
M ineral Deposits, M ining Geology 
Physical Geography 
Structural Geology and Geomechanics
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EXAM INATIONS. T h e  Special Comm ittee conducts all exam inations re ­
quired  for the degree. At the tim e of entrance to the Field, a general ex­
am ination covering the candidate's preparatory  tra in ing  may be given by the 
faculty to assist in p lann ing  a program  of study.
For the Master’s Degree: F inal exam ination which consists of a com pre­
hensive on the m ajor and m inor fields and the thesis. For the Doctoral Degree: 
a qualifying exam ination is requ ired  in addition  to the exam inations re ­
quired  by the G raduate School. T he qualifying exam ination will determ ine 
the applican t’s fitness for undertak ing  advanced studies and will enable the 
Special Com m ittee to p lan  a program  w hich will make the studen t fam iliar 
w ith the requisite knowledge in his chosen area. I t m ust be taken before 
the end of the second semester in  residence. T h e  G raduate School requires a 
comprehensive Admission to Candidacy Exam ination and a Final Exam ina­
tion covering the thesis.
DEGREE REQ UIREM EN TS. Master’s degree: a m inim um  of two residence 
units: proficiency in  one language: submission of thesis and final exam ination. 
Ph.D. Degree: a m inim um  of six residence units; proficiency in  two languages; 
a comprehensive Admission to Candidacy Exam ination on m ajor and  m inor 
subjects; submission of dissertation and  defense.
MASTER OF ARTS IN  TEA CH IN G . A M aster of Arts in T eaching (Earth 
Science) program  is offered in conjunction w ith the  D epartm ent of Science 
Education; no thesis is required.
Research and Study Opportunities
T he Ithaca region is particularly  suited for research in stratigraphy, paleon­
tology, geomorphology, and glacial geology. T h e  nearby Adirondack area is a 
classic one for studies in  m etam orphic and igneous petrology. Research 
projects in structural geology, geomechanics, engineering geology, and hydro­
geology are available at field sites in  western as well as northeastern  states, as 
are projects in m ineral deposits, physical geography, and areal geology. T he 
laboratories of the departm ent contain standard  as well as specialized eq u ip ­
m ent. T hrough  the cooperating faculty of o ther departm ents on campus, 
every type of special and advanced equipm ent is available. T he w ell-equipped 
laboratories and the exceptional libraries provide excellent opportunities for 
graduate research.
T h e  departm ent owns outstanding reference collections for teaching and 
research, such as: T he Benjam in Silliman Jr. Collection of m inerals acquired 
in  1868; suites of ores and  host rocks from worldwide m in ing  districts: and 
extensive invertebrate fossils of Paleozoic, Mesozoic, and  Cenozoic from 
th roughout the world; as well as the m ajor collection of Recent mollusks 
(10,000 species) assembled by Wesley Newcomb and purchased in  1868 by 
Ezra Cornell.
T h e  Paleontological Research Institu tion , a private research organization, 
is near the campus and its facilities are available to the specialized investi­
gator.
T h e  departm ent has a cooperating agreem ent w ith the M useum of N orthern  
Arizona, Flagstaff, for accomm odating research projects and  investigators. 
Every conceivable geologic condition and feature is available for study in  the 
region, which constitutes an unusual field setting. T h e  Com m ittee for L abra­
dor Studies has been pursuing research in  Labrador for forty years, and 
projects are in  progress on field m apping, glacial geology, and petrography.
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For sum m er research grants in geological science a t the M useum of N o rth ­
ern  Arizona and elsewhere (after one year at Cornell), consult the Field 
Representative.
Interdisciplinary Studies
G raduate studies may be pursued in m any of the specialized interdisciplinary 
areas of geological sciences as either a m ajor or a m inor at the M aster’s and 
doctorate levels, such as:
OCEANOGRAPHY. Oceanography and m arine ecology are available through 
the D epartm ent of Conservation and the Division of Biological Sciences. 
Research projects are in progress in the Long Island coastal areas, and cooper­
ative research w ith the Woods Hole Oceanographic Institu te and Adelphi 
University is provided.
W A TER RESOURCES. W ater resources is available through the University- 
wide W ater Resources Center w ith program s of study to m eet individual 
requirem ents in the physical, biological, and social sciences, and in engineering.
A professional scientific hydrology program  is available for m ajors in geo­
hydrology in the Geological Sciences.
APPLIED BRANCHES. Programs of study are available in the following 
branches of applied geological science: m ining geology-mineral deposits, p etro ­
leum geology, hydrogeology and geohydrology, and engineering geology. T he 
m ajor in a branch of applied geological science has two minors outside the 
departm ent, in such subjects as soil science, hydraulics, w ater resources, soil 
mechanics, m aterials engineering, m athem atics, chemistry, physics, economics, 
and regional planning.
CO O PERA TIN G  FACULTY. Many additional interdisciplinary courses are 
offered by faculty in o ther departm ents or divisions such as: paleobotany, ecol- 
ogy-systematics, biogeochemistry, limnology, soil genesis, soil mineralogy, 
aerial photo analysis, regional p lanning, hydraulics and hydrology, and 
m aterials science and engineering.
Financial Aid
T here  are nine graduate teaching fellowships available in  the Field of 
Geological Sciences. A ppointm ents are for the academic year to supervise 
laboratory sections and o ther duties for approxim ately fifteen hours per week. 
T h e  stipend ranges from $2200 to $2500, plus scholarships covering tu ition  
and fees ($2050) for a total value of $4250 to $4550. Full residence credit is 
given for advanced degrees.
In  addition, teaching fellows who are doctoral candidates are eligible 
for special sum m er awards of up to $500 to pursue their research projects.
T he Eleanor T atum  Long Fellowship, restricted to research in the subject 
of structural geology and geomechanics, for either M aster’s or doctoral 
candidates, carries a stipend of $2100 and a scholarship covering tu ition  and 
fees ($2050) for a total value of $4150.
T he departm ent has several special endowments which, at the discretion 
of the staff, may be used to assist graduate students in their research and field 
work.
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Research assistantships are available in  certain  cases from individual faculty 
research grants or contracts, e ither during  the sum m er o r the  academic year.
T h e  G raduate School adm inisters a num ber of scholarships and  fellow­
ships. Awards are based on scholastic ability  and prom ise of achievement as 
a graduate student. Besides the C ornell-supported awards, financial aid is 
offered by foundations and national agencies, e.g., NSF, NDEA, NASA, N IH , 
and by the State of New York.
Courses
(Students should check this tentative listing w ith departm ent for any changes).
GEOGRAPHY, PHYSICAL
[312. GEOGRAPHY OF ANGLO-AMERICA]
Spring term . Credit four hours. Prerequisite: Geography 111 or Geology 102. 
Lectures, M W  F 9:05 and additional assigned problem s, Staff. A lternate-year 
course. N ot offered in  1968-69.
T h e  geographic provinces of Anglo-America, th e ir  geom orphic expression, 
climates, resources, developm ent, and interrelationships.
314. C O N TIN EN TA L GEOGRAPHY
Spring term . Credit four hours. Prerequisite: Geography 111 or Geology 102. 
Lectures, M W  F 9:05 and additional assigned problems. Staff. A lternate-year 
course. Offered in  1968-69.
Physical geography, regional climatology, land use, and  n a tu ra l resources 
of a selected continent or region.
610. SPECIAL W ORK
T hroughou t the year. C redit two hours a term . Prerequisite: consent of the 
instructor. Staff.
Special o r original investigations in  physical geography on the graduate 
level.
GENERAL GEOLOGY 
Physical Processes
322. STRU CTU RA L GEOLOGY
Spring term . Credit four hours. Prerequisites: Geology 102 (or 203) and 351; 
352 recommended. Lectures, M W  11:15. Laboratory, M 2-4:25, and  additional 
assigned problems. Field trips. Mr. Kiersch.
N ature, origin, and recognition of geologic structures. Behavior of geologic 
m aterials, stresses, geomechanical and tectonic principles applied  to the 
solution of geologic problems. Analysis of structu ral features by three- 
dim ensional methods.
[421. SEDIM ENTATION]
Fall term . Credit four hours. Prerequisite: Geology 352; Geology 441 recom ­
m ended. Lectures, M W  9:05. Laboratory, T  2-4:25, and additional laboratory 
work. Field trips. Messrs. Philbrick and Kiersch. A lternate-year course. Not 
offered in  1968-69.
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Source materials, mechanics of transport and dispersal, depositional en ­
vironm ents, lithification and diagenesis of sediments. Analysis of common 
problems in applied fields due to these phenom ena.
441. GEOM ORPHOLOGY
Fall term . Credit four hours. Prerequisite: Geology 102. Lectures, T  T h  
9:05. Laboratory, T  2-4:25, and additional assigned problems. Mr. Bloom.
Description and in terp reta tion  of land forms in terms of structure, process, 
and stage.
444. GEOLOGICAL OCEANOGRAPHY
Spring term . Credit three hours. Prerequisite: Geology 102 or Biological 
Sciences 461. Lectures, M W  F 9:05. Field trips. Mr. Bloom.
Shoreline erosion, transportation  and deposition; origin and structure of 
continental shelves and ocean basins. Geologic processes and geomorphic 
developm ent in the m arine environm ent.
522. FLUVIAL PROCESSES (or Civil Engr. 2333)
Spring term . Credit two hours. Prerequisite: consent of the instructors. 
Seminar, hours to be arranged. Field trips. Course offered jointly w ith the 
School of Civil Engineering on dem and. Messrs. Graf and Kiersch.
T he common problems of fluvial processes, hydraulics, and sedim ent trans­
port are studied along with the appropria te  analytical m ethods and experi­
m ental techniques.
542. GLACIAL AND PLEISTOCENE GEOLOGY
Spring term . Credit three hours. Prerequisite: Geology 441 or consent of the 
instructor. Lectures, T  T h  9:05. Laboratory, T  2-4:25. Several Saturday field 
trips. Mr. Bloom.
Glacial processes and  deposits and the stratigraphy of the Pleistocene.
GEOCHEMISTRY
Mineral Materials and Processes
351. MINERALOGY
Fall term . Credit four hours. Prerequisites: Geology 102 and Chemistry 108. 
Lectures, M 10:10. Laboratory, W  F 2-4:25. Mr. Chang.
Crystallography, chemical and physical properties, occurrence, uses and 
identification of rock-form ing minerals.
352. PETROLOGY
Spring term. Credit four hours. Prerequisite: Geology 351. Lectures, M F 
10:10. Laboratory, T  2-4:25; additional assigned problems. Mr. LeM asurier.
Composition, classification, and origin of igneous, sedimentary, and meta- 
m orphic rocks.
451. O PTICAL MINERALOGY
Fall term . Credit four hours. Prerequisite: Geology 351. Lecture, T  11:15. 
Laboratory, T  W  2-4:25 and additional assigned problems. Mr. LeM asurier.
O ptical properties of crystals and their application to the determ ination  and 
study of common rock-forming m inerals w ith the petrographic microscope.
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452. O PTICAL PETRO GRAPHY
Spring term . Credit four hours. Prerequisites: Geology 352 and 451. Lecture, 
T  11:15. Laboratory, T  W  2-4:25, and additional assigned problem s. M r. 
LeM asurier.
Description, classification, and determ ination  of the origin of igneous, 
m etam orphic, and sedim entary rocks by the use of the petrographic m icro­
scope.
551. GEOCHEM ISTRY
Fall term . Credit three hours. Prerequisite: Geology 352. Lectures M W  F 8. 
Mr. Chang.
H eterogeneous equilib ria  and reactions at high tem peratures and pressures 
among rock-form ing minerals; includes chemistry of w eathering.
554. X RAY ANALYSIS
Spring term . Credit two hours. Prerequisite: Geology 352 or consent of the 
instructor. Lecture, W  12:20. Laboratory, F 2—4:25. M r. Chang. A lternate- 
year course. Offered in 1968-69.
T heory  and use of x ray diffraction and spectroscopy in identification and 
analysis of m inerals, rocks, and soils.
653. ADVANCED PETROLOGY
Fall term . Credit three hours. Prerequisite: Geology 452. Lectures, T  T h  
9:05. Laboratory, T h  2-4:25. Mr. LeM asurier.
M ethods of study, geologic and geochemical relationships, and petrogenesis 
of igneous and m etam orphic rocks.
656. ADVANCED MINERALOGY
Spring term . Credit three hours. Prerequisites: Geology 452 and 554. Lectures, 
T  T h  9:05. Laboratory, T h  2-4:25. Mr. Chang.
A theoretical treatm ent of the crystal chemistry and therm odynam ics of 
rock-forming minerals.
Mineral Deposits
461. M INERAL DEPOSITS: METALS
Fall term . C redit four hours. Prerequisite: Geology 352. Lectures, M W  F 
10:10. Laboratory, F 2—1:25. Field trips. Mr. Clark.
Principles and processes involved in  the form ation of m ineral deposits. 
Modes of occurrence, origin, d istribution , and u tilization of the m ajor, rare, 
and m inor metals.
462. M INERAL DEPOSITS: NONM ETALS
Spring term . Credit four hours. Prerequisite: Geology 461 or consent of the 
instructor. Lectures, M W  F 10:10. Laboratory, F 2-4:25. Field trips. Mr. Clark.
Properties, occurrence, associations, d istribution , and  economic utilization 
of the industrial m inerals and rocks.
[563. ORE MICROSCOPY]
Fall term . C redit two hours. Prerequisites: Geology 451 and 461. Laboratory, 
F S 7:30-9:55 a .m . A lternate-year course. N ot offered in 1968-69. Mr. Clark.
Identification of ore-m inerals in polished sections which reflect light 
by etching and m icrochemical reactions; study and in te rp reta tion  of m ineral 
relationships.
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GEOPHYSICS
581. EXPLO RA TIO N  GEOPHYSICS
Fall term . Credit three hours. Prerequisites: Physics 208, Geology 102 or 203; 
Geology 322 is recommended. Lectures, T  T h  9:05. Laboratory, S 10:10-12:35, 
and assigned problems. Mr. Clark. A lternate-year course.
Elem entary theory and in te rpreta tion  of data from exploration geophysical 
methods. Environm ental geology and selection of techniques for im portant 
applied areas.
APPLIED GEOLOGICAL SCIENCE 
[532. HYDROGEOLOGY]
Spring term . Credit th ree hours. Prerequisites: Geology 322, 352; Geology 
441 is recommended. Lectures, M W 9:05. Laboratory, T  2-4:25 and field 
trips. Mr. Philbrick. A lternate-year course. Not offered in 1968-69.
Hydrologic cycle and water provinces: occurrence, movement, quan tity , and 
chemical quality  of ground w ater in porous m edia. W ater resources develop­
ment.
533. ENG IN EERIN G  GEOLOGY -  TH EO RY  AND ENVIRONM ENTS 
Fall term . Credit three hours. Prerequisites: Geology 322, 352; Geology 441 
is recommended. Lectures, M W 11:15. Laboratory, M 2-4:25 and field trips. 
Mr. Kiersch.
Advanced study of the physical phenom ena and rock properties of special 
im portance from the p lanning through the operation  stages of engineering 
works; includes underground fluids, subsidence, gravity movement, seismicity, 
geomechanics and stresses, weathering, and geologic m aterials of construction. 
Analysis of geologic problems encountered in  practice; predicting the influence 
of natu ral and m an-m ade environm ental factors.
535. ENG IN EERIN G  GEOLOGY -  PRACTICE
Fall term. Credit three hours. Prerequisites: Geology 533 or 322-352 and 441. 
Lectures, M W  9:05. Laboratory, T  2-4:25 and field trips. Mr. Philbrick. 
A lternate-year course.
A pplication of geological principles in the planning-design, construction, and 
operation of engineering works. Case histories, analysis, and evaluation of 
physical environm ental factors, rem edial treatm ent, and reports.
[561. FUNDAM ENTALS OF M INING  GEOLOGY]
Fall term . Credit three hours. Prerequisites: Geology 461 and 462. Lectures, 
M W  F 10:10. Assigned problems. Field trips. Mr. Clark. A lternate-year 
course. Not offered in 1968-69.
Principles of geological, geophysical, and geochemical techniques used in 
m ineral exploration. M ining geology, guides to ore, m ining methods.
[562. ECONOMICS OF M INERAL DEPOSITS]
Spring term . Credit three hours. Prerequisites: Geology 461 and 462; Geology 
561 is recommended. M W F 10:10. Assigned problems. Mr. Clark. A lternate- 
year course. Not offered in 1968-69.
Sampling and ore estim ation. Cutoff, grade, tonnage, and economic factors 
related to m ining and m ineral m arketing. Financial calculations and p ro ­
cedures used in  m ineral property  valuation.
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582. EX PLO RA TIO N  GEOLOGY
Spring term . Credit three hours. Recom mended for all g raduate students in 
geological sciences. Prerequisites: g raduate standing and  field geology.
Lectures, M W 9:05. Laboratory, W  2-4:25. Messrs. Philbrick and Kiersch. 
A lternate-year course.
M ethods of exploration and appraisal of geologic data from both  field and 
laboratory investigations. Assessment of environm ental geology and the p re­
sentation of d irect and indirect inform ation for professional purposes and 
applied fields.
GEOBIOLOGY
Paleontology and Stratigraphy
471. IN V ER TEBR A TE PALEONTOLOGY
Fall term . C redit four hours. Prerequisites: Geology 102, and, if possible, 
invertebrate zoology. For those interested in fossil evidence of the developm ent 
of organisms. Lectures, T  T h  10:10. Laboratory, W  T h  2-4:25. Mr. Cole. 
Paleobiology and classification of im p o rtan t fossil invertebrates.
472. PRINCIPLES OF H ISTO RIC GEOLOGY
Spring term . Credit four hours. Prerequisites: Geology 322 and 471. Lectures, 
T  T h  10:10. Laboratory, W  2—1:25, and  additional assigned problems. Mr. 
Wells.
Application of geologic principles to in te rp reta tio n  of earth  history; 
developm ent of the geologic colum n, geochronology and  geochronom etry; 
correlation and the zone concept; sedim entary environm ents and provinces: 
geosynclines and  platform s; problem s of the  pre-C am brian and  continental 
evolution.
571. STRA TIG RA PH Y: PALEOZOIC
Fall term . C redit three hours. Prerequisite: Geology 472. Lectures, T  T h  9:05 
and W  7:30 p .m . Mr. Wells. A lternate-year course.
Principles of stratigraphy developed by detailed  study of selected American 
and European systemic examples.
572. STRA TIG RA PH Y: MESOZOIC AND CENOZOIC
Spring term . Credit three hours. Prerequisite: Geology 472. Lectures, T  W  T h  
9:05 Messrs. Cole and Wells.
Principles of stratigraphy developed by detailed  study of selected American 
and European systemic examples.
671. M ICROPALEONTOLOGY
Spring tenn . Credit two hours. Prerequisites: Geology 472 and 572. Lecture, 
W  9:05. Laboratory, W  2-4:25, and  additional assigned problem s. M r. Cole. 
Microfossils, chiefly Foram inifera.
[672. STRA TIG RA PH Y  OF NEW  YORK STATE]
Spring term . C redit th ree hours. Prerequisite: Geology 571. Lectures, T  T h  
12:20 early in  the term , followed by all-day and  weekend field trips. Mr. Wells. 
A lternate-year course. N ot offered in  1968-69.
T h e  classic Paleozoic sections of New York studied th rough  lectures, read­
ings, and field observation.
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SEMINARS AND SPECIAL WORK
GEOLOGY 673. SEMINAR IN T H E  H ISTO RY  OF GEOLOGY 
Fall term . Credit two hours. H ours to be arranged. Mr. Wells.
P art of the g raduate program  in the history of science.
SEMINAR IN GEOLOGICAL SCIENCES
Each term . No credit. For m ajors and required  of g raduate students, b u t open 
to all who are interested. T  4:45. Staff and visiting lecturers.
R eports and discussion of curren t research in  the geological sciences.
690. SPECIAL W ORK
T hro u g h o u t the year. C redit two hours a term . Prerequisite: consent of the 
instructor. Staff.
Advanced work on original investigations in geological sciences on the 
graduate level.
690-a. Petrological and m ineralogical chemistry: Mr. Chang
690-b. Volcanic petrology and  geochemistry: Mr. LeM asurier
690-c. Coastal geomorphology and Pleistocene geology: M r. Bloom
690-d. Engineering geology, geomechanics, and hydrogeology: Mr. Kiersch
690-e. Invertebrate paleontology and geomorphology: Mr. Cole
690-f. Invertebrate paleontology and paleoecology: Mr. Wells
690-g. Sedimentology and prim ary structures
A special lecture sem inar by Mr. E. D. McKee, fall term . Credit one hour. 
H ours to be arranged.
690-h. Physical and engineering geology, w ater resources: Mr. Philbrick 
690-i. M ineral deposits and resources, geophysics: Mr. Clark
MATERIALS SCIENCE A N D  ENGINEERING
Faculty: R obert W. Balluffi, Boris W. Batterm an, John  M. Blakely, Malcolm 
S. B urton, John  P. Howe, Joseph O. Jeffrey, H erbert H. Johnson, Edward J. 
Kramer, Che-Yu Li, W alter S. Owen, T h o r N. R hodin , A rth u r L. Ruotf, H enri
S. Sack, Stephen L. Sass, Eraldus Scala, David Seidman, Benjam in M. Siegel, 
John  Silcox, Floyd O. Slate, George V. Sm ith, A nthony Taylor, W att W. W ebb.
Field Representative: Che-Yu Li, 329 B ard Hall.
M AJOR SUBJECTS M INO R SUBJECTS
M aterials Science M aterials Science
M aterials and M etallurgical M aterials and M etallurgical
Engineering Engineering
ADMISSIONS REQ UIREM EN TS. G raduates from any undergraduate engi­
neering or physical science program  will be accepted if they have dem on­
strated m arked competence in  the basic parts of their studies and show 
competence, in general, as graduate students. A pplicants who lack some p re­
requisites for graduate courses recomm ended by the Field, b u t are otherwise
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qualified, will be allowed to remedy the deficiency by taking undergraduate 
courses while enrolled as graduate students.
I t  is recom m ended, b u t not required , th a t applicants present the results of 
the G raduate Record Exam ination w ith th e ir applications.
LANGUAGE REQ UIREM EN TS. T here  are no language requirem ents for the 
M.S. or Ph.D. degrees.
EXAM INATIONS. All exam inations requ ired  for a degree are adm inistered 
and reported  by the candidate’s Special Com m ittee. T h e  exam inations may 
be oral, or w ritten  and oral. In  accord w ith G raduate School legislation, a 
comprehensive exam ination is required  for admission to Ph.D. candidacy. A 
thesis exam ination is given upon submission of the Ph.D. thesis.
For the M.S. degree, an exam ination is required  at the tim e of submission 
of the M.S. thesis. At the discretion of the Special Comm ittee, this exam ina­
tion may consider the thesis, or the thesis and course work. U nder suitable 
circumstances, the M aster’s final exam ination and  the Admission to Can­
didacy Exam ination m ay be combined.
Research and Study O pportunities
G raduate program s in  M aterials Science and E ngineering lead to careers either 
in research and developm ent, or in engineering application of materials. T his 
is accomplished th rough  comprehensive and  in tegrated  course program s, p a r­
ticipation in form al and inform al research sem inars, thesis research, and not 
infrequently  in hallway discussions.
T h e  spectrum  of curren t research programs in the Field is very broad, 
ranging from problem s of im m ediate technological interest such as crack 
propagation  in  high strength  steels to considerably m ore basic investigations 
in such areas as po in t defects and  superconductivity.
C urren t research in the Field includes the following:
1. Mechanical behavior: in terstitial and substitu tional solid solutions, crack 
form ation and propagation, em brittlem ent phenom ena, fatigue, composite 
m aterials, anelasticity.
2. Im perfections in solids: po in t defects, dislocation mechanics, defect in te r­
actions, radiation  damage, substructure.
3. Phase transform ations: crystal growth, precip itation , m artensite, alloy 
steels, superconductivity, solidification, phase decom position du ring  sintering.
4. Surface structure and reactions: solid-liquid and  solid-gas interfaces, field 
ion microscopy, surface diffusion, low energy electron diffraction, crystal nucle- 
ation.
5. H igh tem perature m aterials: structure and properties of pyrolytic g rap h ­
ite, composite materials, refractory m etals and alloys, complex com pounds, 
sintering of ceramics.
6. H igh pressure studies: creep, diffusion, elastic constants, electrical p ro p er­
ties.
7. Electrical and m agnetic behavior: superconductivity, sem iconductors, 
NM R, conduction in oxides, m agnetic dom ain wall m otion, photoconductivity.
8. Developm ent of advanced experim ental techniques: electron microscopy, 
x  ray, high pressure, crystal growing, purification methods.
M ore detailed inform ation about course program s and  research areas is 
available upon request.
A strong catalyst for the m aterials research activities at Cornell has been 
provided by the M aterials Science Center, w hich is supported  by the Advanced
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Research Projects Agency of the U.S. G overnm ent, and w ith w hich most of 
the Field faculty are affiliated. T h e  MSC provides substantial financial assist­
ance for graduate students through research assistantships, new equipm ent 
for approved thesis research projects, and in some cases, technician assistance 
in perform ing routine m easurements.
A most im portan t con tribution  of MSC has been the creation and m ain ­
tenance of central research facilities which are used by both  faculty and grad­
uate students. Each central facility is directed by a senior staff m em ber and 
staffed by trained technicians. Faculty and students receive expert guidance 
and assistance from these facilities, which include laboratories for m aterials 
preparation , m etallography, x ray diffraction, electron microscopy, electronics, 
high pressure, low tem perature, chemical analysis, irrad iation  and nonm etallic 
crystal growth.
Professional Degree
In  addition to the M.S. and Ph.D. programs, the Field also offers the 
professional degree of M aster of Engineering (Materials). T h e  professional 
program , available to students who have dem onstrated suitable proficiency 
in the areas of m aterials and m etallurgy in earning their Bachelor’s degree, 
provides advanced courses designed to enlarge the student's p reparation  for a 
career in professional engineering w ith less emphasis on achievement in 
research. T h e  M aster of Engineering program  is adm inistered by the Engineer­
ing Division of the G raduate School (See pages 177-178).
Courses
GRADUATE CORE PROGRAM: MATERIALS SCIENCE AND ENGINEERING
6601. TOPICS IN  THERM ODYNAM ICS AND KINETICS 
Credit three hrs. Fall.
Generalization of therm odynam ics to include nonchem ical forms of energy. 
Statistical nature of entropy. Phase stability. Defect equilibria . T h erm o ­
dynamics of solutions, surfaces, and interfaces. Reaction kinetics. Diffusion. 
At the level of Slater, Introduction  to Chemical Physics; Guggenheim, T h er­
modynamics.
6602. PHASE TRANSFORM ATIONS 
Credit three hrs. Spring.
Spinodal decomposition. N ucleation theory. Diffusional grow th. Formal 
theory of nucleation and growth transform ations. Diffusionless transfor­
m ations. A pplications of the theory to specific changes in real m aterials. 
At the level of Christian, Phase Transformation.
6603. CRYSTAL MECHANICS 
Credit three hrs. Fall.
Crystal symmetry. Vector fields and tensor fields. Lattice deform ation and 
fault crystallography. Reversible tensor properties of crystals. Relationships 
between different tensor properties. Crystal elasticity, elastic waves and poly­
m er elasticity. Lattice dynamics. Therm ophysical properties. Irreversible tensor 
properties. Coupling of transport phenom ena. H igher order effects. At the level
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of Nye, Physical Properties o f Crystals; Born and H uang, Dynamical Theory 
of Crystal Lattices; and Sm ith, Wave Mechanics of Crystalline Solids.
6604. DISLOCATIONS 
C redit th ree hrs. Fall.
Review of elem entary geometrical and strain  energy aspects of dislocation 
theory. E xperim ental evidence for dislocations. Dislocation elasticity. Energy 
consideration. A pplied stresses. Point defects. C rystallographic aspects of 
dislocation theory, stacking faults, partials, Thom pson te trahedron  and layer 
structures. Jogs. Strain harden ing  in  single crystals. M echanical tw inning. At 
the level of Friedel, Dislocations.
6605. ELECTRICA L AND M AGNETIC PR O PER TIE S OF EN G IN EER IN G  
M ATERIALS
Credit three hrs. Fall. Prerequisite: Physics 454 or consent of the instructor.
Electrical properties of semiconductors. M etallic alloys. Ferrom agnetic 
m aterials. Superconductivity. O ptical and dielectric properties of insulators 
and semiconductors. Ferrites. A t the level of K ittel, Introduction  to Solid 
State Physics; Chikazumi, Physics of M agnetism ; Lynton, Superconductivity; 
L ivington and Schadler, T h e Effect o f M etallurgical Variables on Superconduc­
tivity Properties.
6606. M ECHANICAL BEHAVIOR OF M ATERIALS 
Credit three hrs. Spring.
Geometry of slip in single crystals. Strain harden ing  and recovery. Dislo­
cation dynamical treatm ent of yield and flow. Interaction  of in te rstitia l solute 
atoms w ith dislocation. Solution hardening. Two-phase hardening. T im e 
dependent deform ation. Ductile and cleavage, fracture, fatigue, creep-rupture, 
and stress-corrosion fracture. At the level of review articles in  Progress in 
Materials Science and various conference reports.
6611. PRIN CIPLES OF D IFFRA CTIO N
Credit three hrs. Fall. Offered jointly w ith A pplied Physics (8211).
G eneral principles applied to diffraction of electrons, neu trons and x rays. 
Production of neutrons, x  rays, th e ir absorption and scattering. Com pton 
effect. Diffraction from periodic lattices. Crystal symmetry. Single crystal and 
powder techniques. Fourier methods. T h erm al vibrations and therm al scat­
tering. Diffraction from gases and liquids. Introduction  to dynam ical diffrac­
tion of rays and electrons. E xtinction phenom ena and  perfect crystals. 
Selected experim ents in  diffraction.
For the Professional M aster’s Degree
6503. M ATERIALS SELECTION AND USE
Credit three hrs. Fall. T h ree  lectures. Prerequisite: 6432. Mr. Smith.
M etallurgical and mechanical factors governing the selection of m etals for 
various services. Analysis of service requirem ents and the selection and fab ri­
cation of metals to fulfill such requirem ents; analysis of service failures of 
m etals and remedies for such failures; and  study of the m erits and lim itations 
of m aterials applications in existing products and  equipm ent.
6553-6554. PR O JE C T  
C redit three hrs. Fall, spring.
Research on a specific problem  in  m aterials or m etallurgical engineering.
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6555. M ATERIALS PROCESSING 
Credit three hrs. Spring. T hree  lectures.
A course on the principles of m aterials processing including both  m etallic 
and nonm etallic m aterials. T h e  control of m aterials properties and various 
solutions to engineering problems of shaping, making, and treating  practice 
are stressed.
O ther Graduate Courses
6612. SELECTED TOPICS IN DIFFRA CTIO N
Credit three hrs. Spring. T hree  lectures. Prerequisite: 6611. Offered jointly  
with A pplied Physics (8212).
Dynamical diffraction: Ewald-von Laue theory of dynam ical diffraction 
applied to x rays and electrons. C urrently  developing theory and application 
to defects in solids. Phenom ena investigated via diffuse scattering: phonons, 
m easurem ent of dispersion curves, frequency spectrum , Debye tem peratures, 
vibrational am plitudes. O rder-disorder phenom ena, short and long-range 
order, G uinier-Preston zones. Selected topics of curren t interest related to 
x  ray, neutron, and electron diffraction, w ith contributions from several m em ­
bers of the faculty.
6762. PHYSICS OF SOLID SURFACES
Credit three hrs. T hree lectures. Offered jo in tly  w ith A pplied Physics (8262). 
Spring.
Physical principles describing the behavior of atoms, ions, and electrons at 
surfaces or in two dim ensional structures. Emphasis on applications to ph e­
nom ena or m atter in  w hich the role of surfaces and interfaces is im portant. 
E quilibrium  thermodynam ics and statistical mechanics of interfaces. Atomistic 
theory of surface forces, surface energy and surface structure. Kinetics of 
heterogeneous processes including evaporation, condensation, adsorption, and 
chemical reaction. Capillary effects and mechanisms of interfacial phenom ena 
in m aterials. Presented a t the level of review articles such as Progress in 
Materials Science and  Solid State Physics series.
6872. NUCLEAR MATERIALS
Credit three hrs. Spring. T h ree  lectures. Prerequisites: M aterials Science, 
Physical Chemistry, or equivalent and  consent of the instructor. Mr. Howe.
A pplication of m aterials science to choice and design of systems used in 
nuclear reactors. Emphasizes effects of radiation , tem perature, tem perature 
differences, com position, and structure. Brings in p reparation , fabrication, 
and use of reactor m aterials and components.
MATHEMATICS
Faculty: R alph  P. Agnew, Jam es B. Ax, M ichael S. Balch, Israel Berstein, 
Lawrence D. Brown, Jan  M. Chaiken, Stephen U. Chase, Clifford J. Earle, 
Jam es Eells, Jr., W illiam  G. Faris, Roger H . Farrell, W olfgang H . J. 
Fuchs, Solomon Garfunken, H illel H. Gershenson, Leonard Gross, R ichard
S. H am ilton, David W. Henderson, Carl S. Herz, Peter J. H ilton, Peter J. Kahn, 
H arry Kesten, Jack Kiefer, A nthony W. K napp, R ichard B. Lavine, Simon A. 
Levin, Stephen Lichtenbaum , G. Roger Livesay, M ichael D. Morley, Anil 
Nerode, Paul O lum , Lawrence E. Payne, R ichard  A. Platek, George S. R in e­
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hart, Alex Rosenberg, Oscar S. R othaus, D uane P. Sather, Stephen H . Schanuel, 
Alfred H . Schatz, Leonard S. Silver, Prank L. Spitzer, Moss E. Sweedler, R obert 
J. W alker, H sien-Chung W ang, H arold W idom , Jacob Wolfowitz.
Field Representative: Alex Rosenberg, 124 W hite H all.
M AJOR AND M IN O R SUBJECTS
Algebra Geometry
Analysis M athem atics
Prerequisites for admission are a knowledge of advanced calculus (including 
both theoretical and applied points of view) and m odern algebra.
T h e  Field of M athem atics has set the following language requirem ents: 
none for the M aster's degree, a reading knowledge of G erm an or Russian 
for the Ph.D. degree. T here  is no form al French requirem ent, b u t books and  
papers in th a t language will be freely used in  all graduate courses and  students 
can expect to be called upon to read French m athem atical texts.
T h e  Field of M athem atics requires teaching experience of all graduate 
students as p art of the requirem ents for an academ ic degree.
Candidates for the M aster’s degree are expected to obtain  some u n derstand­
ing of m athem atical thought, ordinarily  by taking about tw enty-four hours of 
courses at the graduate level. Qualifications for the D octor’s degree include a 
broad acquaintance w ith the basic subjects of present-day m athem atics plus a 
dem onstration of ability  to do research in one or more branches of m athe­
matics.
A booklet entitled  Graduate W ork in M athematics at Cornell may be o b ­
tained by w riting to the Chairm an, D epartm ent of M athematics, W hite H all. 
T h e  booklet contains additional inform ation about g raduate work, thesis and 
exam ination requirem ents, and research in m athem atics for the entering  g rad­
uate student.
All the three m ajor subdivisions of m athem atics, algebra, analysis, and  geom­
etry are well represented at Cornell. Moreover, the departm ent is also very 
strong in logic, probability , and statistics. A detailed listing of the research 
interests of the mem bers of the faculty will be sent to all who request the 
booklet Graduate W ork in M athem atics referred to above.
Courses
In  all 600-level courses, as well as in Courses 502, 553, and 554, the final grades 
will be only S or U.
All listings are tentative; students should check w ith the departm ental 
office for definite listings, times, places, etc.
T h e  advanced courses, 500 and 600 level, shown below are the ones offered 
during  1967-68. In  1968-69 about the same num ber of advanced courses 
will be given; they will be selected from those offered in  1967-68 and the 
bracketed courses w hich are not being offered in  1967-68.
GENERAL
502. GRADUATE PROSEM INAR
Spring term . Credit four hours. Prerequisite: candidacy for an  advanced de­
gree w ith a m ajor in m athem atics. M W F 4. Messrs. Eells and Ganelius.
Presentation by students of m aterial in m athem atical litera ture . R equired 
of all g raduate students m ajoring in m athem atics.
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APPLIED MATHEMATICS AND DIFFERENTIAL  
EQUATIONS
315. H IG H E R  CALCULUS
Fall term . Credit three hours a term . Prerequisite: 213 or 293. T  T h  S 10:10. 
Mr. Lavine.
Intended for students who have had only three semesters of calculus. 
It does not p repare a student for 415-416, and will not meet the needs of 
those graduate students whose work requires really serious application of 
m athem atical methods.
Vector calculus, ordinary  and partia l differential equations, special func­
tions, Fourier series, Laplace and Fourier transform s, complex variables. 
T h e  m aterial in the old 315—316 is covered in the revised 315 plus the 
linear algebra course, 331.
415-416. M A TH EM ATICAL M ETHODS IN PHYSICS
T hroughou t the year. Credit four hours a term. U ndergraduates will be 
adm itted  only w ith the consent of the instructor. First term  prerequisite to 
second. T  W  T h  12:20. Mr. Fuchs.
Intended for g raduate students in physics or related fields who have had 
a strong advanced calculus course and a t least two years of general physics. 
T h e  course goes very quickly, covering in  two semesters slightly more than 
421-422-423.
Lectures and problem  work designed to give a working knowledge of the 
principal m athem atical methods used in advanced physics. Topics include 
infinite series, Fourier series and integrals, Laplace transform s, complex 
variable, calculus of variations, matrices, integral equations, and  eigen­
value problems.
421. APPLICABLE M ATHEM ATICS
Fall term. Credit four hours. Prerequisite: 222, or honors section of 294, or 
consent of the instructor. (Students from regular sections of 294 will be 
adm itted  upon the 294 instructor’s recom m endation, provided their grades are 
very high and they make up the ex tra  work.) M W  F 12:20, T h  2z30.
G raduate students who need m athem atics extensively in their work and 
who have had a solid advanced calculus course as undergraduates should 
take 415-416. If they have not had such an advanced calculus course they 
should take 421-422-423. If their p reparation  is still too weak for this, 
they should take all or part of 221-222, followed by 421-422-423.
Theorem s of Stokes, Green, Gauss, etc. Sequences and infinite series. Fourier 
series and orthogonal functions. Introduction  to complex variables.
422. APPLICABLE M ATHEM ATICS
Spring term . Credit four hours. Prerequisite: 421 o r consent of the instructor. 
M W  F 12:20, T h  2:30. Mr. Rothaus.
C ontinuation  of complex variables. Conform al m appings. H arm onic func­
tions. Some special functions. D ifferential equations. Laplace and Fourier 
transforms. Asymptotic expansions of functions.
423. APPLICABLE M ATHEM ATICS
Fall term . Credit four hours. Prerequisite: 422. M W  F 12:20, T h  2:30. Mr. 
Spitzer.
L inear operators and integral equations. Calculus of variations. A pplica­
tion to eigenvalue problems. G reen’s function, and treatm ent of special 
problems of m athem atical physics.
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427-428. IN T R O D U C T IO N  T O  D IFFEREN TIA L EQUATIONS 
T hroughou t the year. C redit four hours a term . Prerequisite: 222, or 294, 
or consent of the instructor. First term  prerequisite to second. M W  F 12:20. 
Mr. Hager.
First term , ordinary differential equations covering the basic theory. Topics 
include uniqueness and  existence theory, Sturm -Liouville theory, singular 
points, stability, approxim ation m ethods and applications. Second term , 
partia l differential equations w ith treatm ents of Laplace, heat and  wave 
equations. Topics include classification, m axim um  principles, uniqueness, 
stability, approxim ation m ethods and applications.
517-518. ORDINARY D IFFEREN TIA L EQUATIONS
T hro u g h o u t the year. C redit four hours a term . Prerequisites: 411-412 and 
concurrent registration in 413. First term  prerequisite to second. M W  F 
10:10. Mr. Levin.
Existence and uniqueness. A utonom ous systems, w ith  specialization to 
geometric theory in two dimensions. L inear equations. Stability. B ifurca­
tion theory. Some special functions of m athem atical physics, from the view­
poin t of equations in the complex dom ain and  the two p o in t boundary value 
problem .
519-520. PA RTIA L D IFFEREN TIA L EQUATIONS
T hro u g h o u t the year. C redit four hours a term . Prerequisite: concurrent 
registration in  413 or, w ith consent of the instructor, 423 or 416. F irst term  
prerequisite to second. T  T h  S 10:10. Mr. Balch.
Classification of partia l differential equations. Questions of existence, 
uniqueness, and continuity  of the solutions of typical boundary value p rob­
lems. T h e  equations of Laplace and Poisson, princip le of the m axim um  and 
the mean; the wave equation, heat equation.
521. ELEM ENTARY FU N CTIO NA L ANALYSIS
Fall term . Credit four hours. Prerequisite: 415-416 or 421-422-423, or 
consent of the instructor. T  T h  S 9:05. Mr. Lavine.
Elem entary set theory and topology, Banach and H ilb ert spaces, m easure 
and integration, spectral theorem  for bounded operators. G raduate students 
in m athem atics should take 613 for functional analysis.
522. APPLIED FU N CTIO NA L ANALYSIS
Spring term . Credit four hours. Prerequisite: 521. T  T h  S 9:05. Mr. 
Lavine.
Spectral theory for unbounded operators in  H ilbert space, com pact opera­
tors, representations of com pact groups, distributions. A pplications to Fourier 
analysis, in tegral and differential equations, calculus of variations, quan tum  
mechanics.
Note: Since the content of the 1968 version of 522 is qu ite  different from 
th a t of the 1967 version, students could possibly take 522 twice w ith  profit.
627-628. SEMINAR IN PA RTIA L D IFFEREN TIA L EQUATIONS 
T hro u g h o u t the year. C redit four hours. Prerequisite: consent of the in ­
structor. H ours to be arranged. Mr. Payne.
[619-620. ADVANCED PA RTIA L D IFFEREN TIA L EQUATIONS.]
N ot offered in 1967-68.
T hro u g h o u t the year. C redit four hours. Prerequisite: 519-520.
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ANALYSIS
411-412. IN T R O D U C T IO N  T O  ANALYSIS
T hroughou t the year. C redit four hours a term . Prerequisite: 222. T  T h  S 
10:10. Messrs. H am ilton and Schneider. (There will be a special Honors 
section of this course. T h e  instructor should be consulted.)
An in troduction to the theory of functions of real variables, stressing 
rigorous logical developm ent of the subject ra th er than  technique of 
applications. Topics include elem entary topology, the real num ber system, 
continuous and differentiable functions, integration, convergence and ap ­
proxim ation theorems, Fourier series, calculus in several variables, elem entary 
differential geometry.
413. IN T R O D U C T IO N  T O  T H E  TH EO R Y  OF FU N CTIO NS OF ONE 
COM PLEX VARIABLE
Spring term. Credit four hours. Prerequisite: 222 or 312. M W F 9:05. Course 
411 is not a prerequisite, b u t some previous acquaintance w ith advanced 
calculus as presented in 411 is definitely helpful. Mr. Knapp.
A rigorous introduction  to complex variable theory. In tended  m ainly 
for undergraduates and for g raduate students outside m athem atics. Com­
plex numbers. Differential and integral calculus for functions of a complex 
variable including Cauchy’s theorem  and the calculus of residues. Elements 
of conformal m apping. Elements of several com plex variables.
511-512. REAL AND COM PLEX ANALYSIS
T hroughou t the year. C redit four hours a term . Prerequisite: 412. M W  F 9:05. 
Mr. Ganelius.
First term: set-theoretic prelim inaries, abstract integration. Borel measures, 
Lebesgue measures, L„ spaces, H ilbert spaces, Banach spaces, product spaces, 
differentiation. Second term: Fourier transforms. Complex variables, h a r­
monic functions, Schwarz lemma, approxim ation by rational functions, 
conformal m appings, including Riem ann m apping theorem , Weierstrass- and 
Mittag-Leffler theorems, Jensen’s form ula, analytic continuation , the m odular 
function, P icard’s theorem .
523. ANALYSIS ON MANIFOLDS
Spring term . Credit four hours. Prerequisites: 500 and 512. H ours to be 
arranged. Mr. Eells.
Calculus on Banach spaces and manifolds.
611-612. SEMINAR IN ANALYSIS
T hroughou t the year. C redit four hours. Prerequisite: consent of the in ­
structor. H ours to be arranged. Fall term , Mr. H am ilton. Spring term , Mr. 
Earle.
613. FU N CTIO NA L ANALYSIS
Spring term . Credit four hours. Prerequisites: 432 and  512. H ours to be 
arranged. Mr. Faris.
Topological vector spaces, Banach and H ilbert spaces, Banach algebras. 
Additional topics to be selected by instructor.
615. FO U RIER ANALYSIS
Fall term. Credit four hours. Prerequisites: 500 and 512. H ours to be 
arranged. Mr. Herz.
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Lp spaces of functions on Euclidean space. T h e  Marcinkiewicz in te rpo la­
tion theorem . Fourier transforms of functions in Lp. T h e  H ardy-Littlewood 
m axim al theorem . Singular integrals.
617. ANALYTICAL NUM BER TH EO RY
Fall term . Credit four hours. Prerequisite: 514. Mr. W irsing.
623. SEVERAL COM PLEX VARIABLES
Fall term . Credit four hours. Prerequisites: 500 and 514. H ours to  be 
arranged. Mr. Rothaus.
Basic definitions, local properties, power series and  plurisubharm onic 
functions, convexity and analytic envelopes.
[514. COM PLEX VARIABLE THEORY]
Spring term. C redit four hours. Prerequisites: 411 and  500. N ot offered 
in 1967-68.
[528. VARIA TION A L METHODS]
Spring term . Credit four hours. Prerequisite: 413. N ot offered in  1967-68. 
[621. M ERO M O RPH IC FUNCTIONS]
Fall term . Credit four hours. Prerequisite: consent of the instructor. N ot 
offered in  1967-68.
[622. RIEM ANN SURFACES]
Spring term . C redit four hours. Prerequisites: 514, 531, 551. N ot offered in 
1967-68.
ALGEBRA
431-432. IN T R O D U C T IO N  T O  ALGEBRA
T hroughou t the year. C redit four hours a term . Prerequisite: 221 or 331. 
F irst term  prerequisite to second. M W  F 10:10. (There will be a special 
Honors section of this course. T h e  instructor should be consulted.) Messrs. 
Beck and L ichtenbaum .
A rigorous in troduction  to m odern algebra. First term : linear algebra. 
Second term : in troduction  to algebraic systems such as groups, rings, m odules 
and fields.
531-532. ALGEBRA
T hro u g h o u t the year. C redit four hours a term . Prerequisite: 432. First 
term  prerequisite to second. T  T h  2:30-4. Mr. Sweedler.
First term : finite groups, field extensions. Galois theory, rings and 
algebras, tensor algebra. Second term : W edderburn  structure theorem , 
B rauer group, group cohomology, Ext, D edekind dom ain, prim ary decom ­
position, H ilbert basis theorem , local rings. A dditional topics selected by 
instructor.
631-632. SEM INAR IN ALGEBRA
T h ro u g h o u t the year. C redit four hours a term . Prerequisite: consent of 
the instructor. H ours to be arranged. Fall term , Mr. Froehlich. Spring term , 
M r. Schanvel.
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635. TH EO RY  OF RINGS
Fall term . Credit four hours. H ours to be arranged. Mr. Silver.
Advanced topics in com m utative N oetherian rings including some of the 
following: regular local rings; the Koszul complex; depth; m ultiplicity: 
Macaulay rings. Prerequisites are homological algebra and some fam iliarity 
w ith the basic notions of N oetherian rings.
639. H OPF ALGEBRAS
Spring term. Credit four hours. Prerequisite: 531. Mr. Sweedler.
641. CATEGORICAL ALGEBRA
Fall term. Credit four hours. Prerequisite: 531. Mr. R inehart.
[549-550. LIE GROUPS]
T hro u g h o u t the year. C redit four hours a term. Prerequisites: 500 and 
531. Not offered in 1967-68.
[633. G RO U P THEORY]
Spring term . Credit four hours. Prerequisite: 531. N ot offered in  1967-68. 
[637. ALGEBRAIC NUM BER THEORY]
Spring term . Credit four hours. Prerequisite: 531. N ot offered in  1967-68.
GEOMETRY AND TOPOLOGY  
451-452. CLASSICAL GEOM ETRIES
T hroughou t the year. C redit four hours a term . Prerequisite: 221 or 331 or 
431, which may be taken concurrently. First term  prerequisite to second. 
T  T h  S 9:05. Mr. Berstein.
A xiomatic m ethods in geometry. Foundations of Euclidean geometry. Non- 
Euclidean geometry, projective geometry, o ther geometric theories.
454. IN T R O D U C T IO N  T O  D IFFEREN TIA L GEOM ETRY
Spring term. Credit four hours. Prerequisite: 222. M W F 11:15 Mr. W ang.
An in troduction  to differential forms and their application to the study 
of curves, surfaces, and h igher dim ensional manifolds.
500. GENERAL TOPOLOGY
Fall term. Credit four hours. Prerequisite: 412. M W  F 3:35. Mr. Gershenson.
Topics from set theory, topological spaces, function spaces, fiber spaces, 
manifolds, and topological groups.
551. IN TR O D U C TO R Y  ALGEBRAIC TOPOLOGY
Spring term . Credit four hours. Prerequisites: 432 and 500. M W  F 3:35. 
Mr. O lum .
Homology and cohomology theories for complexes and spaces. M anifolds 
and geometric applications.
553-554. ALGEBRAIC TOPOLOGY
T hroughou t the year. C redit four hours a term . Prerequisite: 551 or the 
equivalent. H ours to be arranged. Mr. Moss.
Categories and functors, exact and half-exact functors, hom otopy theory, 
cohomology operations, spectral sequences, and applications.
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651-652. SEM INAR IN TOPOLOGY
T hroughou t the year. C redit four hours a term . Prerequisite: consent of the 
instructor. H ours to be arranged. Fall term , Mr. Berstein. Spring term , 
Mr. Kahn.
653-654. ADVANCED TOPOLOGY
T hro u g h o u t the year. C redit four hours a term . Prerequisite: 551 or consent 
of the instructor. H ours to be arranged. Mr. Henderson.
A selection of advanced topics from m odern algebraic, differential and 
geometric topology. T h e  content of this course varies from year to year.
659. SYMM ETRIC SPACES
Spring term . C redit four hours. Prerequisites: 549-550. H ours to  be arranged. 
Mr. W ang.
Symmetric spaces and  their group of isometrics. Decomposition theorem . 
R oot system associated to a symmetric pair. G eom etrical properties of 
irreducible symmetric spaces. Symmetric K ahler manifolds.
667. ALGEBRAIC GEOM ETRY
Spring term. Credit four hours. Prerequisiites: 500 and 531. H ours to be 
arranged. Mr. L ichtenbaum .
Affine and projective varieties. Divisors. R iem ann-Roch theorem . In tro ­
duction to schemes.
[352. ELEM ENTARY TOPOLOGY]
Spring term . Credit four hours. Prerequisite: 221 o r 331. N ot offered in 
1967-68.
[661-662. SEM INAR IN GEOM ETRY]
T h ro u g h o u t the year. C redit four hours a term . Prerequisite: consent of 
th e  instructor. N ot offered in  1967-68.
[663. MANIFOLDS]
T hroughou t the year. C redit four hours a term . Prerequisite: 551. N ot 
offered in 1967-68.
[655-656. H O M O TOPY  THEORY]
T hro u g h o u t the year. C redit four hours a term . Prerequisite: 551. N ot offered 
in  1967-68.
PROBABILITY AND STATISTICS
472. STATISTICS
Spring term . Credit four hours. Prerequisites: 371 and knowledge of linear 
algebra such as taugh t in 221. M W F 12:20. Prelim inary exam inations 
will be held a t 7:30 p .m . on Feb. 14, Mar. 6, Apr. 3, May 1. Mr. Kiefer.
Classical and recently developed statistical procedures are discussed in a 
fram ework which emphasizes the basic principles of statistical inference and 
the rationale underlying the choice of these procedures in various settings. 
T hese settings include problem s of estim ation, hypothesis testing, large 
sam ple theory, experim ental designs, sequential analysis and m ultip le decision 
problem s. (See also the description of 370 in the A nnouncem ent o f the College 
of Arts and Sciences an d  572.)
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571. PROBABILITY
Fall term. Credit four hours. Prerequisite: 412 or, w ith consent of the in ­
structor, 416 or 422. M W  F 12:20. Exam inations and make-up lectures, when 
necessary, will be  held on T hursday evenings a t 7:30 p .m . Mr. Wolfowitz.
Fundam entals. C om binatorial problems. D istribution  functions in one or 
several dimensions. Im portan t probability  laws. Expectation, moments, and 
characteristic functions. Stochastic convergence and the law of large num bers. 
T h e  central lim it theorem .
572. STA TISTICA L ANALYSIS
Spring term. Credit four hours. Prerequisite: 571. M W  F 12:20. Mr.
Wolfowitz.
A continuation  of 571. Topics include an in troduction  to the theory of 
po in t estim ation; consistency, efficiency, and sufficiency, and the m ethod 
of m axim um  likelihood; the classical tests of hypotheses and their power; 
the theory of confidence intervals; the basic concepts of statistical decision 
theory; the fundam entals of sequential analysis.
Intended to furnish a rigorous in troduction  to m athem atical statistics, the
course is prerequisite to all advanced courses in statistics.
574. ADVANCED PROBABILITY
Spring term. Credit four hours. Prerequisite: 571. M W  F 11:15. Mr.
Spitzer.
A continuation  of M ath 571. Selected topics from Volumes 1 and 2 of 
Feller, A n Introduction  to Probability Theory. M odern lim it theorems, dis­
crete and selected continuous param eter Markov chains, related  topics in 
semigroups and resolvents, ergodic and renew al theorem s w ith applications.
671-672. SEM INAR IN STATISTICS
T hro u g h o u t the year. C redit four hours. Prerequisite: consent of the in ­
structor. M 4-6. Fall term , Mr. M etivier. Spring term , M r. Augustin.
675. STA TISTICA L ESTIM A TIO N
Fall term. Credit four hours. Prerequisite: 572. H ours to be arranged. Mr. 
Brown.
R andom ization, sufficiency, completeness, m inim um  variance estimators. 
Derivation of sequential m inim ax estim ators by the m ethods of differential 
inequalities, Bayes solutions, and invariance. T h e  Neyman-Pearson theory 
of testing hypotheses and interval estim ation.
676. DECISION FUNCTIONS
Spring term. Credit four hours. Prerequisite: 675. H ours to be arranged. 
Mr. Brown.
W ald’s theory of decision functions. M ultidecision problems. Existence 
theorems, com plete class theorems, and o ther general decision theoretic 
results. O ptim um  character of the sequential probab ility  ra tio  test. Recent 
developments.
679. SEM INAR IN M ATH EM ATICAL ECONOMICS (ECONOMICS 685). 
Spring term . Credit four hours. Prerequisite: consent of the instructor. F 4-6. 
Messrs. Wolfowitz and Stigum.
T h e  m ain topics to be covered are general economic equ ilibrium , sta­
bility of equilibria , and the theory of value under conditions of uncer­
tainty.
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[575. IN FO RM A TIO N  THEORY]
Fall term . Credit four hours. Prerequisite: 411, or, w ith  consent of the 
instructor, 416 or 421. N ot offered in  1967-68.
[673. ANALYSIS OF VARIANCE]
Fall term. Credit four hours. Prerequisite: 572. N ot offered in  1967-68.
[674. DESIGN OF EXPERIM ENTS]
Spring term. Credit four hours. Prerequisite: 673. N ot offered in  1967-68. 
[677-678. STOCHASTIC PROCESSES]
T h ro u g h o u t the year. C redit four hours a term . Prerequisite: 512, 571 or 
consent of the instructor. F irst term  prerequisite to second. N ot offered in
1967-68.
MATHEM ATICAL LOGIC 
581-582. LOGIC
T h ro u g h o u t the year. C redit four hours a term . Prerequisite: 412, 432 
o r consent of the instructor. M W  F 11:15. Mr. Morley.
A study of elem entary and advanced topics in  m athem atical logic. 
Theorem s of H erbrand , Gentzen, Church, and Godel on provability and 
undecidability. Theory  of recursive functions and recursively enum erable 
sets.
681-682. SEM INAR IN LOGIC
T hro u g h o u t the year. C redit four hours a term . Prerequisite: consent of 
the instructor. H ours to be arranged. Fall term , Mr. Platek. Spring term, 
Mr. G arfunkel.
683. TH EO R Y  OF MODELS
Fall term . Credit four hours. Prerequisites: 581-582. H ours to be arranged. 
Mr. Morley.
[685. M ETAM ATHEM ATICS]
Spring term . C redit four hours. Prerequisite: 482. N ot offered in  1967-68. 
690. SUPERVISED READING AND RESEARCH
MECHANICAL ENGINEERING
Faculty: John  F. Barrows, Jo h n  F. Booker, A rth u r H . B urr, Bart J . Conta, 
T errill A. Cool, David D ropkin, George B. DuBois, H ow ard N. Fairchild, 
Benjam in G ebhart, Roger L. Geer, Sidney Leibovich, H ow ard N. McManus, 
Jr., F ranklin  K. Moore, R ichard  M. Phelan, Dennis G. Shepherd, R obert 
L. W ehe.
Field Representative: David D ropkin, 214 Upson H all.
M AJOR SUBJECTS M INO R SUBJECTS
M achine Design M achine Design
T herm al Power M aterials Processing
T herm al Processes T herm al Power
T herm al Processes
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T h e  G raduate Field of M echanical Engineering is composed of two d ep a rt­
ments — the D epartm ent of M achine Design and the D epartm ent of T herm al 
Engineering. T h e  M achine Design D epartm ent is in charge of the m achine 
design and m aterials processing subjects: the T herm al Engineering D epart­
m ent is in charge of therm al power and therm al processes subjects.
Considerable la titude is allowed in  the selection of the m inor subjects. I t is 
generally expected, however, th a t a m ajor in therm al engineering be com ­
bined w ith a m inor from some o ther departm ent. A ppropriate m inor subjects, 
such as mathematics, nuclear engineering, electrical engineering, etc. may 
be taken in o ther divisions of the University.
ADMISSION REQ UIREM EN TS. As a prerequisite for g raduate study leading 
to the degree of M.S. or Ph.D. in the Field of M echanical Engineering, the 
candidate should hold a Bachelor’s degree and should have the equivalent 
of the fundam ental work required in an accredited undergraduate curriculum  
in  the area of his m ajor work. Those lacking some of the necessary subject 
m atter may be required to take one or m ore undergraduate courses or do 
assigned work to make up the deficiency.
LANGUAGE REQ UIREM EN TS. T h ere  is no foreign language requirem ent 
for the M.S. degree. A Ph.D. candidate m ust dem onstrate either: (1) reading 
ability  in two languages in addition to  his native language, or (2) reading 
and speaking ability in one language in addition  to his native language, or 
(3) exceptional reading ability in one language in addition  to his native 
language. R equired  languages shall be chosen from French, G erm an, Russian, 
or others to be approved by petition  to the Field.
EXAM INATIONS. A final comprehensive exam ination is requ ired  for the 
M.S. degree. For the Ph.D. degree the student m ust take: (a) a qualifying 
exam ination (this may be com bined w ith the exam ination for the  M.S.);
(b) the Admission to Candidacy Exam ination, a general exam ination of sub­
ject m atter taken approxim ately at the tim e he completes his course work; and
(c) a final exam ination which is prim arily  concerned w ith the doctoral 
dissertation.
M ACHINE DESIGN. U nique instruction  is offered in  design and related 
subjects, including m aterials processing. T h e  thesis and courses may be con­
centrated in one of the following areas or may overlap them : (1) design and 
developm ent of a new m achine or com ponent, (2) analysis of an existing 
m achine or com ponent, (3) experim ental investigation to determ ine design 
data and m achine or tool perform ance.
T h e  departm ent has its own laboratories for stress, vibration, and endurance 
testing of m achine parts, and for the study of controls. I t is particularly  well 
equipped for studies of lubrication phenom ena in journal bearings, and for 
studies requiring  use of analog com puters. T h e  m aterials processing laboratory 
includes many special production machines and gaging devices, and in stru ­
m entation for tool forces and tem peratures.
Interests of the design staff are necessarily broad, and they overlap in a 
num ber of cases. However, based on curren t activities, they may be grouped 
as follows:
Hydrodynam ic lubrication: John  F. Booker, R obert L. W ehe.
M anufacturing engineering: George B. DuBois, Roger L. Geer.
Product design: George B. DuBois, R obert L. W ehe.
Stress and force analysis of m echanical components: A rthu r H. Burr, 
R ichard  M. Phelan.
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V ibration and controls: Jo h n  F. Booker, A rth u r H . Burr, R ichard  M. Phelan,
R obert L. W ehe.
Students who m ajor or m inor in  m achine design usually take th e ir  o ther 
work in engineering mechanics, m aterials, m aterials processing, control sys­
tems and servo-mechanisms, m athem atics, therm al engineering, agricultural 
engineering, or industrial engineering. Those m inoring in m aterials processing 
may take supplem entary studies in the D epartm ent of M aterials Science and 
Engineering.
TH ERM A L ENG IN EERIN G. T here  are excellent opportun ities for both  an a­
lytical and experim ental studies a t the graduate level in therm al engineer­
ing. T h e  approved m ajor and m inor subjects are in  two areas of special 
interest to th e  staff.
U nder the subject, therm al processes, studies may be carried ou t in  the 
areas of (1) fluid dynamics, including h igh-tem perature and  nonequilib rium  
effects, viscosity, radiative transfer, and plasm a processes: Jo h n  F. Barrows, 
T errill A. Cool, Sidney Leibovich, F ranklin K. Moore. (2) H eat transfer, 
including stability of convective flows, two-phase flows, boiling  heat transfer, 
ablative heat transfer: David D ropkin, Benjam in G ebhart, H ow ard N. 
McManus, J r. (3) Therm odynam ics, including aspects of classical, statistical, 
and irreversible therm odynam ics of concern in  present-day technology: 
B art J . Conta, T errill A. Cool.
U nder the heading therm al power, studies may be m ade of d irect energy 
conversion, propulsion and nuclear power problem s, use of solar energy, 
turbom achinery, com bustion engines, a ir conditioning and refrigeration, and 
hea t pum ps: B art J. Conta, David D ropkin, H ow ard N. Fairchild , Dennis 
G. Shepherd.
In  the laboratories of the School of M echanical Engineering, in strum en ta­
tion  and equipm ent are available for the study of therm al processes and p e r­
formance of engineering com ponents and systems. In  addition  to the cus­
tomary instrum ents, such as spectrometers, oscillographs, potentiom eters, 
hot-wire anem om eter, etc., the  laboratory possesses a large M ach-Zehnder In te r­
ferom eter of very high precision, a plasma arc generator capable of producing 
plasmas w ith  high enthalpies and tem peratures u p  to 25,000°F, and a solar 
collector apparatus suitable for therm al rad iation  studies. Several fans and 
compressors are available for a  range of a ir  flow, together w ith  a gas-fired 
steam generating unit.
By a choice of his m inor subject or subjects, the  therm al engineering m ajor 
may study at an advanced level in  basic sciences, such as m athem atics, physics, 
and chemistry, o r in  related  engineering areas, such as aerospace engineering, 
chemical engineering, electrical engineering, applied physics, m aterials science, 
and theoretical and applied mechanics. T h e  graduate studen t will ordinarily  
find it desirable to enroll in  a num ber of the elective courses offered in  the 
D epartm ent of T herm al Engineering, and  he will be expected to partic ipate 
in  departm ent sem inars attended by students, staff, and  visitors.
Fellowships and Scholarships
In  addition  to the fellowships and scholarships th a t are available to all 
students in open com petition, the following are restricted to M.S. and Ph.D. 
candidates m ajoring in the Field of Mechanical Engineering: Esso Educa­
tion Foundation  Fellowship, John  M cM ullen G raduate Fellowship, Procter 
and  Gam ble Fellowship, George B. U pton Fellowship, Edgar J. Meyer 
Scholarship, Sibley Scholarship. (See pages 14-17.)
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Professional Degree
T he degree, M aster of Engineering (Mechanical), is available as a curricular 
type of professional degree, the general requirem ents for which are stated in 
the A nnouncem ent of the College o f Engineering. Of the th irty  credit hours 
required, the mechanical engineering program  allows nine elective hours, 
together w ith considerable la titude in the choice of a laboratory course and 
the design project. In this way, an option is possible in a particular area, 
e.g., m achine dynamics and control, m echanical analysis and developm ent, 
vehicles and propulsion, propulsion engines, therm al environm ent, therm al 
power, therm al processes, m anufacturing engineering, m aterial removal, etc.
T h e  professional degree, M.Eng.(Mech.), may be earned in  a m inim um  of 
two terms of full-tim e study by the successful com pletion of the course 
requirem ents.
Courses
3055. ADVANCED MECHANICAL EN G IN EERIN G  DESIGN 
Credit three hrs. Spring. One lecture, two design periods. Prerequisite: 3054, 
Design of M echanical Engineering Systems, or equivalent. Intended for 
graduate students. Staff and guest lecturers.
Design of mechanical engineering systems, components, and equipm ent in 
the widest sense, requiring  the integration of engineering disciplines at an 
advanced level.
3090. MECHANICAL ENG IN EERIN G  DESIGN PR O JE C T
Credit three hrs. Spring. In tended  for students in the M.Eng.(Mech) program .
Staff.
Design of an engineering system or a device of advanced nature. Projects to 
be carried out by individual students or by small groups w ith individual 
assignments culm inating in an engineering report by each student.
3116. IN T R O D U C T IO N  T O  IN D U STRIA L DESIGN
Credit three hrs. Fall. Two laboratories. Prerequisite: perm ission of the 
instructor.
Readings; abstract and applied design problem s which investigate and 
apply the in terrelationships existing between form, function, and materials.
3361. ADVANCED M ECHANICAL ANALYSIS
Credit three hrs. Fall. T hree recitations. Prerequisite: 3322 or 3331.
Theory  of film-lubricated bearings; advanced analysis of special friction 
devices; theories of failure and design equations; prestressing; im pact; therm al 
stresses and creep; selected topics from advanced strength of m aterials such 
as bu ilt-up  cylinders, rotors, plates, shells, beams on elastic foundations, etc.
3362. MECHANICAL DESIGN OF TURBOM ACHINERY
Credit three hrs. Spring. T h ree  recitations. Prerequisites: 3361 and 3324.
Mechanical design of m ajor components of high speed compressors and 
turbines for structural adequacy and vibration-free operation. Selected topics 
from am ong the following: design of rotor components, disks, vanes, blades, 
shafts, and connections. Design of bearings, seals, gaskets, expansion members. 
Investigation of natu ral frequencies and critical speeds. Selection of m aterials 
A ttention is called to a com panion course 3663.
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3364. DESIGN FO R M ANUFACTURE
C redit th ree hrs. Fall. T h ree  recitations, one design o r laboratory period. 
Prerequisites: 3322 or 3331, and 3431 or equivalent, or perm ission of the 
instructor. Messrs. DuBois and Geer.
Principles and m ethods of design to im prove the producibility  of machines 
and products. Design techniques to simplify and  im prove the processing oper­
ations, to reduce cost, and to increase accuracy and reliability . Designs and 
operation  sequences for small-lot and large-lot m anufacture to exploit the 
capabilities inheren t in  m achine tools, jigs and  fixtures, and o ther production 
equipm ent. A pplications of the foregoing by design exercises.
3366. ADVANCED KINEMATICS
Credit th ree hours. Fall. Two recitations, one com putation period. P rerequ i­
site: 3321.
Advanced analytical and graphical determ ination  of velocities and acceler­
ations in mechanisms. Special geometrical concepts on the kinematics of m ech­
anisms. Synthesis of linkages by graphical and analytical m ethods. Design of 
linkages to give prescribed paths, positions, velocities, and accelerations.
3368. MECHANICAL VIBRATIONS
Credit three hrs. Spring. Two recitations, one laboratory. Prerequisite: 3324 
or equivalent. Mr. B urr or M r. Phelan.
F u rth er developm ent of vibration  phenom ena in single and  m ulti-degree of 
freedom linear and nonlinear systems, w ith emphasis on engineering problem s 
involving analysis and design. Also gyroscopic effects, branched systems, random  
vibrations, im pact and transient phenom ena, isolation of shock and  vibration, 
and noise and its reduction. Im pedance, m atrix , and num erical m ethods. 
Analog and digital com puter solutions and laboratory studies.
3372. EX PER IM EN TA L M ETHODS IN M ACHINE DESIGN
Credit three hrs. Fall. One recitation, two laboratories. Prerequisite: 3322 or
3331. Mr. Phelan.
Investigation and  evaluation of m ethods used to ob tain  design and p e r­
formance data. Techniques of photoelasticity, s train  m easurem ent, photog­
raphy, v ibration and sound measurem ents, and developm ent techniques are 
studied as applied to m achine design problems.
3374. CONCEPTUAL DESIGN
Credit th ree hrs. Fall. T hree  recitations. Prerequisite: 3322 or equivalent. 
Mr. DuBois.
Conception and in itial design of products and machines. M ethods to stim u­
late m echanical ingenuity and im prove appearance. Principles of synthesis and 
creativity em ploying association, inversion, and  o ther techniques. Sketching, 
class discussion, and  com parative evaluation of solutions.
3375. A U TO M A TIC MACHINERY
Credit th ree hrs. Spring. Two recitations, one field trip . Prerequisite: 3321. 
M r. W ehe.
A study of autom atic an d  sem iautom atic m achinery such as dairy, canning, 
wire-forming, textile, machine-tool, com puting, and p rin tin g  equipm ent.
3377. A U TO M O TIV E ENG IN EERIN G
C redit three hrs. Spring. T hree  recitations. Prerequisite: 3322. Mr. DuBois.
Analysis of various designs for the parts of an autom otive vehicle, o ther 
th an  the engine, in  relation  to its perform ance; stability, weight d istribu tion ,
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traction, steering, driving, braking, rid ing  comfort, power required  and 
available, transmission types, acceleration, and clim bing ability. Recommended 
together w ith Course 3670 for a study of autom otive engineering.
3378. A U TO M A TIC C O N TRO L SYSTEMS
C redit th ree hrs. Spring. Two recitations, one laboratory. Prerequisite: 3324 
or equivalent. Mr. Booker.
F u rth er developm ent of feedback control theory, including stability criteria, 
frequency response, and transfer functions, w ith emphasis on engineering 
problems involving the analysis of existing control systems and the design of 
systems to perform  specified tasks. Also, nonlinear systems, describing func­
tions, sam pled-data systems, and com pensation techniques. Analog com puter 
sim ulation and laboratory studies of hydraulic, pneum atic, and electro­
mechanical com ponents and systems.
3380, 3381. DESIGN OF COM PLEX SYSTEMS
Credit three hrs. Fall, spring. Two meetings of two hours per week to be 
arranged. Intended for graduate students in engineering. Permission of 
instructor required for registration. Mr. Wehe.
A sem inar course relying heavily on student partic ipation  in discussing 
frontier problems such as systems for space and underw ater exploitation, salt 
water conversion, and transportation . D eterm ination of specifications for these 
systems to meet given needs. Critical discussion of possible solutions based on 
technical as well as economic and social considerations. R eports will be 
required  containing recom m endations and reasoning leading to these con­
siderations.
3382. HYDRODYNAMIC LUBRICATIO N  
Credit three hrs. T hree  recitations. M r. Booker.
Design to acquaint those having a general knowledge of solid and fluid 
mechanics w ith the special problems and litera tu re  currently of interest in 
various fields of hydrodynam ic lubrication. General topics include equations 
of viscous flow in th in  films, self-acting and externally pressurized bearings 
with liqu id  and gas lubrican t films, bearing system dynamics, digital and ana­
log com puter solutions. Also selected special topics in elastohydrodynam ic, 
therm ohydrodynam ic, and m agnetohydrodynam ic lubrication.
3451. M A TERIAL REMOVAL SYSTEMS
Credit three hrs. Fall. One lecture, two laboratories. Prerequisites: 3431 and 
6316. Mr. Geer.
Advanced study of mechanics of chip form ation. Forces and power dy- 
namom etry. O rthogonal and th ree dim ensional relationships. C utter geometry 
and chip control. N onchip techniques using chemical, electrical, ultrasonic, and 
o ther m edia: surface characteristics; and postprocess treatm ents.
3461. QUALITY ASSURANCE SYSTEMS
Credit three hrs. E ither term . Two lectures, one laboratory. Prerequisites: 
3431 and 9170. Mr. Geer.
Theory  and com putational techniques for control by a ttribu tes or variables. 
M achine tool capability studies, instrum entation  systems. Standards codes 
and applications. Equipm ent perform ance characteristics. Fixed and com para­
tive gaging systems; non-contact, reflective, and radiation  principles. Surface 
texture phenom ena. T rue-position tolerancing and charting.
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3475. NUM ERICAL C O N TRO L OF PROCESSES
Credit three hrs. Spring. Two lectures, one laboratory-com putation. P re­
requisite: 3431. Mr. Geer.
A thorough study of concepts, systems, and com ponent designs for flexible- 
program m ed processing. M achine tools as related  to num erical control. 
M achine command-response factors, stick-slip, resonance, shaft w indup, 
m ass-inertia, and  o ther effects. Positioning control systems and coding. M anual 
and com puter program m ing. Sim ulation studies.
3651. ADVANCED T H ER M A L SCIENCE
C redit three hrs. Fall. T h ree  recitations. Prerequisites: 3622, 3623, and 3625, 
o r equivalent. In tended  for g raduate students in the M.Eng.(Mech.) program . 
Staff.
Advanced level study of topics from therm odynam ics, fluid mechanics, and 
heat transfer. Selection of subjects from irreversible therm odynam ics, statistical 
mechanics, real gas behavior, chemical therm odynam ics, unsteady flow p h e­
nom ena, gas dynamics, shock tube analysis, tu rb u len t flow of jets and wakes, 
compressible boundary layer, num erical m ethods, and  variable transport 
properties.
3652. COM BUSTION TH EO RY
Credit th ree hrs. Spring. T hree  lectures. Prerequisite: 3625. Mr. McManus.
Application of the basic equations of fluid flow and heat and mass transfer 
to homogeneous and diffusion flames. Ignition, quenching, rate processes, and 
dissociation effects will be exam ined. Consideration will be given to flame 
stabilization and practical systems.
3653. R EFR IG ER A TIO N
C redit th ree hrs. Fall. T h ree  recitations. Prerequisite: 3625, or 3625 con­
currently. Mr. Fairchild.
In troduction  to refrigeration w ith em phasis on application of therm ody­
namics, fluid dynamics, and  heat transfer. Cycle and com ponent perform ance. 
A pplications in  air conditioning and cold storage. Overall perform ance under 
varied operating  conditions. Cryogenic refrigeration; gas liquefaction, purifi­
cation, storage, and special heat transfer problem s. T herm oelectric cooling.
3654. A IR C O N D ITIO N IN G
C redit th ree  hrs. Spring. T hree  recitations. Prerequisite: 3625 or 2625 con­
currently. Mr. Fairchild.
Introduction  to air conditioning w ith em phasis on application of therm o­
dynamics, fluid dynamics, mass transfer, and hea t transfer. Psychrometrics, air 
conditioning processes and cycles. H eat transmission in  buildings; solar effects; 
lum ped therm al circuit methods. H eat pum ps. A ir d istribu tion . Com ponent 
and system performance.
3661. ADVANCED THERM ODYNAM ICS
C redit th ree hrs. Fall. T h ree  lectures. Prerequisites: 3621 and 3622, or 
equivalent. Mr. Conta.
A rigorous and general treatm ent of classical therm odynam ics w ith  emphasis 
on  m athem atical developments and philosophical in terpreta tions. T h e  several 
statem ents of the concepts and laws of therm odynam ics and equivalence 
proofs, the p u re  substance, homogeneous and heterogeneous systems. Potential 
functions and  Maxwell’s relations, availability, irreversibility, and equilibrium . 
E ntropy flow, entropy production, and irreversible therm odynam ics. T he 
relationship  between classical thermodynam ics, classical statistics, quantum  
statistics, and inform ation theory.
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3663. TURBOM ACHINERY
Credit three hrs. Fall. T hree  recitations. Prerequisites: 3622 and 3623, or 
permission of the instructor. Mr. Shepherd.
A erotherm odynam ic design of turbom achines in general, followed by con­
sideration of specific types; fans, compressors, and pum ps; steam, gas, and 
hydraulic turbines. Energy transfer between a fluid and a rotor; flow in chan­
nels and over blades. Compressible flow, three-dim ensional effects, surging and 
cavitation. O utline design of a high-perform ance com pressor-turbine un it. 
A ttention is drawn to 3362 as a com panion course for mechanical design.
3664. IN TER M ED IA TE FLU ID  MECHANICS
Credit th ree hrs. Spring. T h ree recitations. Prerequisite: 3623.
Integrated  developm ent of equations of mass, m otion, and energy for fluid 
particles and control volumes. A pplications of these governing relations to 
various selected areas such as hydrodynamics and conformal transform ations 
in  ideal flows; lam inar and tu rb u len t flows; boundary layers w ith energy 
transfer; two-dimensional compressible flows; variable property flows; unsteady 
one-dimensional flows; o ther topics of curren t interest.
3665. T R A N SPO R T  PROCESSES
Credit th ree hrs. Fall. T hree  recitations. Prerequisites: basic therm odynam ics 
and fluid mechanics. Mr. G ebhart.
Description of basic microscopic modes of therm al and mass diffusion. 
M olecular transport mechanics in gases. Form ulation of the transport equa­
tions and their application to engineering problems. Conduction and mass 
diffusion in  solids, boundary value problems. T herm al rad iation  between 
opaque surfaces in vacuum  and as a diffusion process in  nonopaque media. 
Mass and energy diffusion by m olecular and by eddy processes in convection. 
Analytical m ethods in convection investigated, lim its shown, and  the role 
of correlations discussed. Analogous phenom ena. Com bined mode heat transfer.
3667. TECHN IQ U ES OF TH ER M A L M EASUREM ENT
Credit three hrs. Spring. Two lectures, one laboratory. Prerequisite: 3625.
Mr. Dropkin.
T heory, construction, calibration, and application of liquid-in-glass th e r­
mometers, solid expansion therm om eters, pressure-spring therm om eters, 
resistance therm om eters, therm oelectric therm om eters, optical pyrometers, 
rad iation  pyrometers, enthalpy probes, heat flux probes.
3670. ADVANCED COM BUSTION ENGINES
Credit th ree hrs. Spring. T hree  recitations. Prerequisite: 3669, or equivalent. 
Mr. Fairchild.
Advanced study of topics in field of reciprocating engines, both  spark-igni- 
tion and diesel. Methods of therm odynam ic analysis and perform ance p re­
diction for free-piston power plants and supercharged engines. R elation  of 
engine perform ance characteristics and perform ance characteristics of autom o­
tive vehicles. Recom m ended together w ith Course 3377 for study in  au to ­
motive engineering.
3671. AEROSPACE PROPULSION SYSTEMS
Credit three hrs. Spring. T h ree  recitations. Prerequisites: 3622 and  3623, or 
permission of the instructor. Mr. Shepherd.
Intended for graduate students and qualified undergraduates. A pplication 
of therm odynamics and fluid mechanics to the design and perform ance of 
therm al-jet and rocket engines in  the atm osphere and in  space. Mission
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analysis in space as it affects the propulsion system. Consideration of auxiliary 
power supply: study of advanced methods of space propulsion.
3672. ENERGY CONVERSION
Credit th ree hrs. Spring. T hree  lectures. Prerequisite: 3622 or equivalent.
P rim arily  an analysis of energy conversion devices from a classification into 
heat engines, chemical engines, and expansion engines. An analysis of each 
class from the point of view of efficiency and o ther criteria  of perform ance. 
A m ore detailed study of some conventional and some direct energy conver­
sion devices including therm oelectric, therm ionic, and photovoltaic converters: 
and fuel cells. Energy sources and energy storage, applications to terrestrial 
and space power systems.
3673. ADVANCED FLOW  M EASUREM ENT
Credit three hrs. Fall. Two lectures, one laboratory. Mr. McManus.
T heory  and operation of instrum ents used in fluid flow investigations; hot 
w ire anemometers: density-sensitive optical systems, transien t tem perature 
and pressure measurements: m easurem ents in  reacting systems; erro r analysis 
and treatm ent of data.
3674. STA TISTICA L THERM ODYNAM ICS
Credit three hrs. Fall. T hree  recitations. Prerequisites: 3622 and 3623, or 
equivalent. Mr. Cool.
K inetic theory of state and transport properties of gases. Statistical m echan­
ics and therm odynam ic probability . M ulti-com ponent systems in  equilibrium , 
and in troduction  to nonequilibrium  flows.
3680. ADVANCED CONVECTION H EA T TRANSFER
Credit three hrs. Spring. T hree  recitations. Prerequisite: 3665 or consent of the 
instructor. Mr. G ebhart.
Processes of transport of therm al energy, m om entum , and mass in  fluids are 
considered in detail. Theories of transfer processes and analytic solutions. 
Analytical and experim ental results com pared. T ran sp ort equations for a 
fluid, delineation of kinds of processes, differential sim ilarity, n a tu ra l convec­
tion, forced convection at low and high velocities. Boundary layer solutions, 
sim ilarity theories, and effects of turbulence. T ransport in  rarefied gases.
3681. RADIATIVE TRANSFER
Credit three hrs. Fall. T hree  recitations. Prerequisite: 3665 or consent of the 
instructor. Mr. Moore.
Theory  of radiative transfer of heat. A bsorption and scattering; differential 
approxim ation; surface interactions. A pplication to atm ospheres, steady and 
transient slab problems; effects on shock and sound wave structure, and 
hypersonic flow problems. Some assignments to review cu rren t litera ture .
3682. SEMINAR IN H EA T TRANSFER
Credit three hrs. Spring. Two meetings of two hours per week to  be arranged. 
Prerequisite: permission of professor in charge. Mr. G ebhart.
Discussion of fields of active inquiry and curren t interest in heat transfer. 
Considerations of m ajor recent work and several summ aries of associated 
contributions.
3683. VISCOUS FLOW  TH EO RY
Credit three hrs. Fall. T hree  recitations. Prerequisite: 3664 or permission of 
the instructor. Mr. Barrows.
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Stress and rates of deform ation tensors, derivation of the Navier-Stokes 
equations. Exact solutions, very slow m otion, boundary layers, Tollm ien- 
Schlichting and T aylor instability, turbulence.
MEDICAL SCIENCES 
(GRADUATE SCHOOL OF MEDICAL SCIENCES) 
Biomathematics
A new program  of applied m athem atics in biology is offered by the Bio­
m athem atics Division to students whose prim ary interests are m athem atical or 
theoretical, bu t who wish to concentrate on biological applications. Programs 
leading to the Ph.D. degree are flexible to su it the particular area of biological 
application of the individual student, and appropria te courses of study in  the 
relevant aspects of biology, chemistry, physics, and medicine are p lanned 
accordingly.
Biophysics
G raduate work toward the Ph.D. degree in Biophysics and the M.S. in 
R adiation  Physics is offered, as well as opportunities for postdoctoral research 
in Biophysics. Active research program s are being conducted in fundam ental 
radiation  biophysics, including cellular radiobiology, and  in the biophysics 
of m em brane transport.
Biostatistics
T he graduate biostatistics program  offered by the Biom athem atics Division 
applies the quantitative m ethods of the theory of probability  and statistics to 
biological or medical problems. T h e  use of m odern com puters is an integral 
p art of the program  which leads to the Ph.D. degree.
NUCLEAR SCIENCE A ND ENG INEERING
Faculty: K. Bingham Cady, David D. Clark, T revor R. Cuykendall, David
D ropkin, Charles D. Gates, Jo h n  P. Howe, Simpson Linke, R aphael M.
L ittauer, Ross M cPherson, George H. M orrison, W ilbur E. Meserve, M ark 
Nelkin, R obert L. Von Berg.
Visiting Professor: Frank Feiner
Field Representative: Ross M cPherson, N uclear Reactor Laboratory.
M AJOR SUBJECTS M INO R SUBJECT
N uclear Science N uclear Engineering
N uclear Engineering
ADMISSION REQ UIREM EN TS. A Bachelor’s degree in science or engineer­
ing including one year of advanced calculus and a one-year course in atomic 
and nuclear physics. Students w ith less p reparation  may be adm itted  if their
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undergraduate perform ance is outstanding, b u t they should expect to take 
longer to com plete the degree requirem ents. A pplicants who are U nited States 
citizens are norm ally expected to apply for the Atomic Energy Commission 
Special Fellowships in N uclear Science and Engineering. A pplications may be 
obtained from the Fellowship Office, Oak Ridge Ins titu te  for N uclear Studies, 
Oak Ridge, Tennessee 37831.
LANGUAGE REQ UIREM EN TS. T he language requirem ent for the Ph.D. 
is a reading knowledge of one language o th er th an  English. T h ere  is no 
language requ irem ent for the M.S.
EXA M IN A TIO N  REQ UIREM EN TS. Before the beginning of his second term  
of g raduate study the student is expected to form his Ph.D. Special Com­
m ittee. T his com m ittee will norm ally be composed of (1) a  chairm an, who 
will be the  s tu d en t’s m ajor advisor, (2) a faculty m em ber representing a m inor 
subject outside the Field, and (3) a second m em ber of the  Field faculty 
appoin ted  by the  Field Representative. A dditional m em bers representing  
o ther m inor subjects are perm itted . As soon as the  com m ittee is form ed it 
will adm inister an inform al oral exam ination designed prim arily  to guide 
th e  course of the stu d en t’s fu tu re  study and  research. Before the end of the 
fifth term  of graduate study, the com m ittee will adm inister the Admission 
to Candidacy Exam ination. T h is exam ination is both  w ritten  and oral, and 
covers the core of the graduate course program . Advanced courses in  special 
topics will be taken by most students after this exam ination, b u t the passing 
of this exam ination signifies a shift in  prim ary emphasis from  course work 
to research.
Research and Study Opportunities
Research and developm ent connected w ith nuclear energy requires knowledge 
of a num ber of scientific and engineering disciplines. T hus the  organization 
of the program  perm its and encourages th is k ind  of in terdisciplinary study, 
training, and research. W ork involving nuclear phenom ena, radiation , isotope 
production, and the like will be done for the  most p art in the N uclear R e­
actor Laboratory which was designed specifically for this purpose. At the 
present time, five faculty mem bers and all graduate students in  N uclear Science 
and Engineering work in th is laboratory.
T h e  N uclear Reactor L aboratory was occupied in 1961 and  contains: (1) a 
T R IG A  reactor which m ay be operated steadily at 100 kw producing a neu tron  
flux of 1 to 5 x 1012/cm 2-sec. In  addition, the  reactor may be pulsed to a peak 
power of approxim ately 250 m egawatts for the  study of phenom ena of fairly 
short duration . T h e  w idth of the pulse a t half m axim um  is approxim ately 
40 millisec. E ight beam ports and a therm al colum n allow flexible use of 
neutrons and radiation . (2) A Zero Power R eactor critical facility of versatile 
design for basic studies of reactor physics. (3) Subcritical assemblies for sim ilar 
studies. (4) A shielded cell for chem o-nuclear work w ith up  to 10,000 curie 
gam ma sources and o ther radioactive m aterials. Accompanying laboratory 
space perm its work w ith radioactive m aterials a t low levels. (5) A 3 MeV 
high cu rren t Cockroft W alton accelerator for studies of rad iation  effects and 
low energy nuclear levels and  reactions has been in  operation  since 1964.
Faculty research interests are:
K. B ingham  Cady: nuclear engineering, reactor physics
D avid D. Clark: nuclear and  reactor physics, radiation  detection
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T revor R. Cuykendall: nuclear engineering 
David D ropkin: heat transfer, therm al processes 
Frank Feiner: nuclear and reactor physics
Charles D. Gates: radioactive waste disposal, sanitary engineering 
John  P. Howe: therm ionic energy, conversion, nuclear m aterials 
Simpson Linke: energy conversion
R aphael M. L ittauer: nuclear instrum entation , pulse electronics 
Ross M cPherson: nuclear physics and nuclear chemistry 
George H. Morrison: low level analysis by neu tron  activation and o ther 
m ethods
W ilbur E. Meserve: control theory
M ark Nelkin: neu tron  scattering, transport and k inetic theory 
R obert L. Von Berg: radiation  chemistry, chemical engineering
Examples of curren t research topics in nuclear science are: nuclear isomers 
of 0.01 to 10 sec half-life produced by pulsed T R IG A  reactor; neu tron  spectro­
scopy below 1 MeV; the theory of slow neutron  inelastic scattering from 
liquids; kinetic theory of tim e dependent correlations in fluids.
C urren t examples in nuclear engineering include: basic reactor dynamics; 
pulsed neu tron  experim ents in m ultiply ing media; theory and m easurem ent 
of neu tron  im portance; space dependent reactor kinetics and noise analysis: 
stochastic theory of neu tron  transport; therm ionic energy conversion; rad i­
ation chemistry.
T he detailed program  of studies is not prescribed as a curriculum , b u t is 
planned by each individual student and the faculty mem bers of his Special 
Committee. T h ere  is, however, a core of subject m atter common to study in 
this Field. T his includes the m aterial covered in  courses 8309, 8312, and 8351 
as listed in the following, a knowledge of applied m athem atics through M athe­
matics 416 or 423, a knowledge of theoretical physics including the graduate 
quantum  mechanics course, Physics 572, and at least one two-term graduate 
course sequence in some area of engineering. Students m ajoring in nuclear 
engineering will also take additional courses from the following list. Students 
m ajoring in  nuclear science will norm ally take additional courses in physics 
a t the graduate level.
Professional Degree
T h e M aster of Engineering (Nuclear) program  is a tw o-term  program  in ­
tended for students who w ant a term inal degree and for students who want 
an in terim  degree before doctoral study in N uclear Science and Engineering. 
T he program  develops the basic principles of nuclear reactors and shows a 
student how his field of undergraduate specialization may be applied to 
nuclear engineering problems. T h e  recom m ended entrance requirem ents 
include:
1. A baccalaureate degree in  engineering, applied science, or its equivalent.
2. Physics, including atom ic and nuclear physics.
3. M athematics, including advanced calculus.
4. Therm odynam ics.
Students should make every effort to complete the entrance requirem ents 
before beginning the program ; this may be done in some cases by inform al 
study during  the summer. For fu rth er inform ation w rite to N uclear Engineer­
ing Field Representative, N uclear Reactor Laboratory.
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Courses
8309. LOW -ENERGY NUCLEAR PHYSICS
Credit four hrs. Spring. T hree  lectures. Prerequisite: an in troductory  course 
in atom ic and nuclear physics, including quan tum  mechanics. Mr. Clark.
Low energy nuclear physics as an organized body of experim ental facts. 
Properties of ground and excited states of nuclei; models of nuclear structure; 
low energy nuclear reactions-scattering, absorption, fission, resonance effects, 
coherent scattering effects. At a level between Introductory Nuclear Physics 
by H alliday, and Nuclear Physics by Fermi.
8312. NUCLEAR REA CTO R TH EO RY
Credit four hours. Fall. T hree  lectures. Prerequisites: one year of advanced 
calculus and an introductory  course in atom ic and nuclear physics. Mr. Nelkin.
T he physical processes in neu tron  chain reactors are described. T h e  theory 
of neu tron  diffusion and slowing down is developed and  applied to these 
processes. N eutron transport theory is introduced. At the level of Nuclear 
Reactor Theory by LaM arsh.
8313. REA CTO R TH EO RY  II
Credit three hrs. Spring. T hree  lectures. C ontinuation  of 8312, prim arily  
intended for students p lann ing  to do research in  the fields of reactor physics 
and reactor engineering. Mr. Cady.
Delayed neu tron  kinetics, fission product poisoning, nonlinear kinetics, 
pertu rba tion  theory, theory and m easurem ent of neu tron  im portance, tem ­
perature coefficients, control rod  theory, hydrogenous reactors, neu tron  trans­
port, and heterogeneous reactor theory. A t the level of T h e Physical Theory  
o f N eutron Chain Reactors by W einberg and  W igner.
[8314. N EU T R O N  T R A N SPO R T  THEORY]
Credit two hrs. Prerequisite: 8312 or consent of the instructor. Mr. Nelkin. 
N ot offered in  1967-68.
T h e  linear Boltzm ann equation  describing neu tron  m igration  in  m atter is 
intensively studied. Topics will vary, b u t m ay include M ilne’s problem , 
neu tron  therm alization, deep penetra tion  of radiation , as well as a formal 
developm ent of approxim ate m ethods of solution. At the level of N eutron  
Transport Theory  by Davison.
8333. NUCLEAR REA CTO R EN G IN EERIN G
C redit four hrs. Fall. T h ree lectures. Prerequisite: consent of the instructor. 
Mr. Cady.
A selected set of topics representing the fundam entals of nuclear reactor 
engineering; energy conversion and power p lan t therm odynam ics, fluid flow 
and heat transfer, therm al stresses, radiation  protection and shielding, m a­
terials for nuclear reactors, economics of nuclear power and fuel cycles, 
instrum entation  and control. At the level of Nuclear Reactor Engineering  
by Glasstone and Sesonske.
8334. NUCLEAR EN G IN EERIN G  SEMINAR
Credit four hrs. Spring. Prerequisite: 8333. Mr. Cady.
A conceptual design study of a nuclear reactor system. Emphasis on the 
in terp lay  of requirem ents of safety and economics in  the design of nuclear 
power systems.
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[8336. NUCLEAR M ATERIALS (M aterials Science 6872)]
Credit three hrs. Spring. T hree  lectures. Prerequisites: m aterials science, 
physical chemistry or equivalent, and consent of the instructor. Mr. Howe. Not 
offered in 1967-68.
A pplication of m aterials science to choice and design of systems used in 
nuclear reactors. Emphasizes effects of basic phenom ena, conditions o r vari­
ables encountered in reactors such as irrad iation , tem perature, tem perature 
differences, composition, and structure. Brings in preparation , fabrication, and 
use of reactor m aterials and components.
8351. NUCLEAR MEASUREMENTS LABORATORY
C redit four hrs. E ither term . Two tw o-and-a-half-hour afternoon periods. 
Prerequisite: some knowledge of nuclear physics. Messrs. Clark and M cPherson.
L aboratory experim ents plus lectures on interaction  of rad iation  w ith 
m atter and on radiation  detection, including electronic circuits. Some twenty 
different experim ents are available in  the areas of nuclear and reactor 
physics. Among these are experim ents on emission and absorption of rad i­
ation; on radiation  detectors and nuclear electronic circuits; on interactions 
of neutrons w ith m atter (absorption, scattering, m oderation, and diffusion); 
on activation analysis and radiochem istry; and on properties of a subcritical 
assembly. M any of the experim ents use the T R IG A  Reactor. T he student is 
expected to perform  eight to ten experim ents, selected to m eet his needs.
8352. ADVANCED NUCLEAR AND REA CTO R LABORATORY
Credit three hrs. E ither term . Two tw o-and-a-half-hour afternoon periods. 
Prerequisites: 8351 and 8309 or 8312. Messrs. Clark and McPherson.
Laboratory experim ents plus lectures on experim ental m ethods in nuclear 
physics and reactor physics. Some ten different experim ents are available, 
am ong them  one using the Zero Power R eactor critical facility.
OPERATIONS RESEARCH
Faculty: R obert E. Bechhofer, R ichard  H. B ernhard, R ichard  W . Conway, 
H am ilton Emmons, H enry P. Goode, K enneth O. Kortanek, W illiam  L. 
Maxwell, N arahari U. P rabhu , Sidney Saltzman, M artin  W. Sampson, Byron 
W. Saunders, Andrew Schultz, Jr., H oward M. T aylor 3d, Lionel Weiss.
Field Representative: W illiam  L. Maxwell, 366 Upson Hall.
M AJOR AND M INOR SUBJECTS 
A pplied Probability  and  Statistics 
Industria l Engineering 
Inform ation Processing 
O perations Research 
Systems Analysis and Design
A general description of the five subjects is given below.
APPLIED PROBABILITY AND STATISTICS. T his subject is intended for 
those students whose prim ary interests lie in  the developm ent of new m eth ­
odology in probability  and statistics, particularly  insofar as these techniques 
are applied to problems arising in engineering and sciences. T hus, for ex­
am ple, applied probability  is concerned w ith problems in queuing theory, 
inventory theory, reliability  theory, and  tim e series analysis; applied statistics
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deals w ith problems in  the design, analysis, and in te rp reta tion  of experim ents, 
statistical control theory and sam pling inspection, and statistical decision 
theory. Students who elect work in  this subject are expected to acquire a deep 
knowledge of the theory underlying the various techniques; the doctoral dis­
sertation shall represent a fundam ental con tribu tion  to theory and ap p li­
cation. All students who m ajor in th is subject are required  to m inor in 
m athem atics.
IN D U STRIA L ENG IN EERIN G. T his subject is concerned w ith studies in 
the analysis and design of the complex operational systems th a t occur in 
industry, particularly  in m anufacturing. P lant design, cost analysis and control, 
and production p lanning  are some of the m ajor topics w hich are considered. 
A high degree of facility is expected w ith some of the  m odern analytical 
techniques w hich provide tools for rational decision-m aking, and w hich aid 
in  the establishm ent of valid design criteria . Such techniques are draw n 
from the areas of queuing theory, inventory theory, m athem atical p rogram ­
ming, statistical control, and com puter sim ulation.
IN FO RM A TIO N  PROCESSING. Inform ation processing is concerned w ith 
the design of computing-communication-'decision systems for the control of 
complex operations such as are encountered in m anufacturing, transportation , 
logistics, and institu tional m anagem ent. Such systems are studied in several 
graduate Fields; the emphasis in this Field is on the analysis of requirem ents, 
the developm ent of decision procedures and  the overall systems design. A 
g raduate program  in inform ation processing will norm ally include substantial 
work in  the Field of C om puter Science.
T h e  Office of C om puter Services provides the principal laboratory  facility 
for this area w ith an IBM 360/65 remote-access com puting system.
OPERA TION S RESEARCH. T h e  program  in  operations research is strongly 
analytical in approach and content. Emphasis is placed on understanding the 
phenom ena underlying practical problem s in  order th a t suitable m athem atical 
models can be developed or selected to represent the operational situation. 
Such models may be draw n from inventory theory, queuing theory, reliability, 
replacem ent and m aintenance theory, control theory, decision theory, and 
m athem atical program m ing theory. T h e  operations research student, m o ti­
vated by a program  w hich emphasizes the m athem atical, probabilistic, sta­
tistical, and com putational sciences, has interests th a t are m uch broader than 
those associated w ith industrial problem s alone.
SYSTEMS ANALYSIS AND DESIGN. T his subject shares w ith operations 
research an  interest in the developm ent of analytical models to represent the 
basic structure of operational systems. However, in th is case the  model is 
simply a predictive stage of a design task. T h e  objective is not so m uch the 
understand ing  of the mechanism of the model as it is the using of p re ­
dictions based on the m odel to com pare design alternatives. T here  is also a 
d istinction in the scale of systems th a t are considered; the analytical models 
of operations research often correspond to the com ponents of these larger 
structures. Typical systems which m ight be considered w ould be found in 
m anufacturing, in tegrated transportation , m arketing, highway, and o th er re ­
lated systems com plete w ith their control elements.
A PPR O PR IA T E  M INO R SUBJECTS. T he following m inor subjects have 
been chosen most frequently  in recent years: Com puter Science (Com puter 
Science), Control Systems Engineering (Electrical Engineering), Econometrics 
(Economics), M anagerial Economics (Business and Public A dm inistration),
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M athem atics (M athematics), Regional P lanning (City and Regional Planning), 
and W ater Resources (W ater Resources).
ADMISSION REQ UIREM EN TS. As a prerequisite for graduate study leading 
to the degree of M.S. or Ph.D. w ith a m ajor in the Field of O perations 
Research, the candidate m ust have been graduated  from an institu tion  of 
recognized standing w ith a Bachelor’s degree in  engineering, m athem atics, 
economics, or the physical sciences. In  addition, he m ust have a comm endable 
undergraduate scholastic record and m ust supply o ther evidence of his 
interest in, and ability to pursue, advanced study and  research in his m ajor 
and m inor subjects. It is strongly recom m ended th a t all applicants to the 
Field take the G raduate Record Exam ination and subm it the results along 
w ith their application for graduate study. Fellowship and assistantship ap p li­
cants m ust subm it this exam ination.
LANGUAGE REQ UIREM EN TS. For the M.S. degree: no language requ ire­
m ent. For the Ph.D. degree a candidate m ust dem onstrate either (a) excep­
tional reading ability in one language additional to his native language, or 
(b) reading ability in two languages additional to his native language.
R equired  languages shall be chosen from French, Germ an, Russian, or others 
to be approved by petition  to the Field.
PH.D. EXAM INATIONS. In addition  to the Admission to Candidacy Exam ­
ination which will ordinarily  be adm inistered by the studen t’s Special Com­
m ittee du ring  the th ird  year of g raduate study, and the Final Exam ination on 
the thesis, the student will be given a qualifying exam ination adm inistered 
by the Field. T his la tte r exam ination will norm ally be taken during  the second 
term of graduate study. It shall serve to determ ine the ability of the candidate 
to pursue doctoral studies, and to assist the Special Com m ittee in  developing 
a program  of study for the candidate.
Research Interests of the Faculty
R. E. Bechhofer (design of experim ents, ranking and selection procedures), 
R. H. B ernhard (capital investm ent p lanning, cost analysis and control), 
R. W. Conway (com puter science, scheduling theory), H. Emmons (systems 
analysis), H. P. Coode (m anufacturing engineering, sam pling inspection), 
K. O. Kortanek (m athem atical program m ing, systems analysis), W. L. Maxwell 
(data processing and production control systems, com puter sim ulation of 
m anufacturing systems), N. U. P rabhu (queuing and inventory theory, sto­
chastic processes), S. Saltzman (inform ation processing systems, econometrics), 
M. W. Sampson (industrial organization, m ethods engineering), B. W. Saunders 
(m anufacturing engineering, m aterials handling), A. W. Schultz, Jr. (operations 
research, engineering adm inistration), H. M. T aylor 3d (Markov decision 
processes, statistical control theory), L. I. Weiss (statistical decision theory, 
nonparam etric statistics).
RESEARCH O PPO R T U N IT IE S. D uring the academic year 1968-69 several 
m em bers of the faculty will be engaged in sponsored research on contracts or 
grants which provide financial support and w hich offer opportunities for 
thesis research for advanced graduate students. T h e  research areas include 
statistical m ultiple-decision ranking and selection procedures, inform ation 
processing and operations control systems, m ulti-echelon logistics, statistical 
control theory, and sequential procedures and applied stochastic processes.
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Departmental Fellowships
In  addition  to several University-wide and College of Engineering fellowships, 
the following fellowships are specifically designated for incom ing candidates 
in  the Field of O perations Research:
JO H N  M cM ULLEN G RADUATE FELLOW SHIP. $2000 plus tu ition  and 
fees.
PR O C TER  AND GAMBLE FELLOW SHIP. $2000 plus tu ition  and fees. 
A $700 allowance is available if the recipient is m arried.
SUN O IL FELLOW SHIP. $2250 plus tu ition  and fees if th e  recip ient is 
single or m arried w ithout children. A $450 allowance is available if the recip i­
en t is m arried  and has children.
D EX TER  S. KIMBALL FELLOW SH IP OF CORNELL A ERONAUTICAL 
LABORATORY. $2500 o r more plus tu itio n  and fees.
Professional Degree
T h e  professional M aster of Engineering (Industrial) degree program  is 
designed for those prim arily  interested in becoming proficient in the practice 
of m odern industrial engineering. T h is is a form al “course” program  which 
concentrates on additional analytical and design techniques w ith special 
emphasis on th e ir  application. T o  be accepted as a candidate for the M aster 
of Engineering degree, an applicant m ust (1) hold a Bachelor’s degree from 
an institu tion  of recognized standing in one of the fields of engineering; (2) 
have an adequate p reparation  for graduate study in industrial engineering; 
and (3) show promise of doing well in advanced study as judged by his 
previous scholastic record o r o ther achievements. Inform ation and ap p li­
cations for this program  may be obtained by w riting to Professor Byron W. 
Saunders, Upson H all.
Courses
9460. IN T R O D U C T IO N  T O  PROBABILITY TH EO RY  W IT H  
ENG IN EERIN G  APPLICATIONS
Credit four hrs. Fall. T hree  lecture-recitations, one com putation period. P re­
requisite: M athematics 294 or equivalent.
Definition of probability  and basic rules of probability  theory. Random  
variables, probability  distributions, and expected values. Special d istributions 
im portan t in  engineering work and relations am ong them : elem entary lim it 
theorems. In troduction  to stochastic processes and Markov chains, and their 
applications in the construction of m athem atical models of operation, w ith 
emphasis on queuing and inventory models.
9470. IN T R O D U C T IO N  T O  STA TISTICA L TH EO RY  W IT H  
EN G IN EER IN G  APPLICATIONS
Credit four hrs. Spring. T hree  lecture-recitations, one com putation period. 
Prerequisite: 9460.
T h e  application of statistical theory to problems associated w ith the analysis 
of data  and inference draw n therefrom . Principles of statistical inference: esti­
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m ating the value of the unknown param eters of probability  d istributions, test­
ing hypotheses concerning these param eters; elements of statistical decision 
theory. Introduction  to correlation theory and curve fitting by least squares. 
Applications in regression, statistical control, and experim entation.
9481. IN T R O D U C T IO N  T O  CO M PU TER SCIENCE
Credit three hrs. Spring. Two lectures, one recitation-com putation.
Introduction to the Field of Com puter Science including principles and 
characteristics of inform ation processing equipm ent, program m ing languages, 
and applications. Topics are selected to illustrate a wide range of curren t 
and potential areas of application w ith emphasis being placed on the m odern 
digital com puter as a symbol m anipulating  device ra th e r than  as an a r ith ­
m etic calculator. N um ber systems, com puter logic, and organization, and 
characteristics of curren t equipm ent are covered along w ith various aspects of 
program m ing. Introductory  concepts and problem s associated w ith using 
com puters in inform ation processing systems, real-tim e control systems, sim u­
lated experim entation, and the design process are also considered.
9510. W ORK DESIGN AND MEASUREM ENT
Credit three hrs. Fall. Two recitations, one laboratory. Prerequisite: 9310 or 
permission of the instructor.
An advanced course in the analysis and design of man-m icro systems and 
m an-m achine micro systems. Advanced statistical treatm ent of work m easure­
m ent design, variables m easurem ent, and work sampling; m athem atical and 
statistical treatm ent of model design, standard  data, control, and standards 
m aintenance; study of the micro-systems design problem , including emphasis 
on the behavioral aspects and wage incentives.
9511. M A NUFACTURING ENG IN EERIN G
Credit three hrs. Fall. One lecture, one recitation-com putation period. P re­
requisite: 9311.
T he analysis and design of production facilities based on o u tp u t requ ire­
ments of the system. A ttention will be directed towards the interaction of 
processing m ethods and requirem ents w ith handling m ethods and storage 
facilities. T h e  effects of various levels of mechanization on operating  costs 
and in itial investm ent will be studied.
9512. STA TISTICA L M ETHODS IN QUALITY AND 
RELIA BILITY  CO N TRO L
Credit three hrs. Spring. T hree  lectures. Prerequisite: 9470 or equivalent.
Control concepts: control chart methods for attribu tes and for variables; 
process capability analysis; a ttribu tes acceptance sam pling plans and p ro ­
cedures; double and m ultiple sam pling inspection; elem entary plans and 
procedures for variables; acceptance-rectification procedures; basic reliability  
concepts; exponential and norm al distributions as models for reliability  ap p li­
cation; life and reliability analysis of components; analysis of series and 
parallel systems; stand-by and redundancy; elem entary sam pling-inspection 
procedures used for life and reliability.
9521. PR O D U CTIO N  PLANNING AND CO N TRO L
Credit four hrs. Spring. T h ree  recitations, one com putation period. P re­
requisites: 9460, and 9320 or equivalent.
M ethods for the p lanning and control of large-scale operations w ith em pha­
sis on m anufacturing systems. Among the areas covered will be sales and 
production forecasting; m anufacturing p lanning; routing, scheduling and
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loading; sequencing; dispatching; p lanning  and control of inventories. Em ­
phasis will be on m athem atical and statistical m ethods for perform ing these 
functions; however, the em pirical systems and  procedures in  common use will 
also be discussed and evaluated.
9522. OPERA TION S RESEARCH I
Credit th ree hrs. Fall. T h ree  lecture-recitation periods. Prerequisite: perm is­
sion of the instructor.
M odel design, methodology of operations research, linear program m ing, 
transportation  problem , assignment problem , dual theorem , param etric linear 
program m ing, integer program m ing, nonlinear program m ing, dynam ic p ro ­
gram m ing, in troduction  to inventory theory; com prehensive problem s and 
case studies.
9523. O PERA TION S RESEARCH II
Credit three hrs. Spring. T hree lecture-recitation periods. Prerequisite: 9460 
or permission of the instructor.
Models for inventory and production control; replacem ent theory: queuing, 
including standard  b irth  and death  process m odel and nonstandard  models, 
application of queuing theory: sim ulation; game theory; illustrative exam ples 
and problems.
9524. PROBLEMS IN O PERA TION S RESEARCH
Credit three hrs. A tw o-hour m eeting a week. Prerequisite: 9523 or equivalent.
An advanced sem inar concentrating on problem  definition, measures of 
effectiveness, applicability  of various analytical m ethods to the solution of real 
problems.
9525. FLOW  AND SCHEDULING IN NETW ORKS 
Credit th ree hrs. Spring, T h ree  lecture-recitation periods.
Network analysis for continuous static flow; feasibility theorems, capacity 
determ ination , m inim al cost operation. Sequencing models for determ inistic 
discrete flow networks. D eterm ination  of capacity, rou tin g  and  discipline for 
networks of queues.
9526. M A TH EM ATICAL MODELS -  D EV ELO PM EN T AND 
APPLICA TION
C redit four hrs. Fall. T h ree lecture-recitations, one com putation  period. P re­
requisites: 9311 and 9320 or permission of the instructor.
A detailed exam ination of probabilistic and determ inistic models used in 
industrial engineering work. Study of some of the  standard  m odels found in  
the litera tu re .
9530. M A TH EM ATICAL PROGRAM M ING
Credit th ree hrs. Fall. T h ree  lecture-recitation periods. Prerequisite: permission 
of the instructor.
T heory, methods, com putational techniques, and applications of m athe­
m atical program m ing. Classical constrained m axim ization and  Lagrange 
m ultipliers. L inear program m ing: simplex m ethods and  variations; the dual 
and the dual simplex m ethods; tran sp o rta tio n  program m ing. In teger p ro ­
gram m ing. Q uadratic and convex program m ing. L inear and  quadratic  assign­
m ent program m ing.
9531. DYNAMIC PROGRAM M ING
Credit th ree hrs. Spring. T hree  lecture-recitation periods. Prerequisite: 9560.
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Dynamic program m ing as a com putational technique for solving a wide 
variety of problems. Concentration on determ inistic problems; the knapsack 
problem , the obstacle course problem , finite horizon inventory models with 
known dem and. In troduction  to M arkov sequential decision problems; How ­
ard's algorithm  in  the finite state and action space case.
9539. SELECTED TOPICS IN  M A TH EM ATICAL PROGRAM M ING 
Credit three hrs. Spring. T hree lecture-recitation periods. Prerequisite: 9530.
Topics will be selected from such areas as nonlinear, stochastic, and semi­
infinite program m ing.
9550. ENG IN EERIN G  ECONOMIC ANALYSIS 
Credit three hrs. Fall. T hree lectures.
An intensive accelerated survey of financial and m anagerial accounting and 
engineering economics. Use of cost inform ation for financial reporting, cost 
control, and decision m aking. Specific topics include: theory of double-entry 
accrual accounting as background for subsequent m aterial; bookkeeping is 
deemphasized. Use of costs in m anufacturing: job order vs. process costing; 
predeterm ined overhead rates; standard  costs and  variances. Modification of 
cost inform ation for decision making: cost dichotomies; profit-volume charts; 
d irect costing; costing of jo in t products and by-products; economic lot sizes: 
use of costs in o ther models of operations research. C apital investm ent p lan ­
ning: the tim e value of money; use of interest rates; ranking procedures for 
proposed projects including the MAPI formulas; handling  of risk and u n ­
certainty.
9551. ADVANCED ENG IN EERIN G  ECONOM IC ANALYSIS
Credit th ree hrs. Spring. T hree  lectures. Prerequisite: 9311 or equivalent.
Topics include: Brief review of use of cost inform ation for financial re ­
porting, cost control and decision making. Intensive discussion of capital 
investm ent p lanning procedures. Problem s in project ranking including use 
of payoff period, present w orth, in ternal rate of re tu rn  and MAPI urgency 
rating. Interdependence of productive investm ent and financing decisions. 
T h e  cost of capital controversy. H andling of risk and uncertainty. A pplica­
tions of linear program m ing to capital budgeting problems. Theory  of the 
firm including objectives, m arket structure, and  pricing policies. Measures of 
perform ance. Problems of profit m easurem ent in the  decentralized firm includ­
ing intensive discussion of transfer pricing.
9560. APPLIED STOCHASTIC PROCESSES
Credit th ree hrs. Spring. Two recitations, one com putation period. P re­
requisites: 9460 and 9470, or permission of the instructor.
An introduction to stochastic processes, emphasizing basic theory and its 
engineering application. T h e  following topics are covered: second order 
processes, covariance function and spectral d istribution , Markov chains and 
processes, diffusion processes, renewal theory and recurrent events, fluctu­
ation theory, random  walks, branching processes, queues, Brownian motion, 
and b irth  and death  processes.
9561. QUEU IN G  TH EO RY
C redit three hrs. Fall. Two recitations, one com putation period. Prerequisites: 
9460 and permission of the instructor.
Definition of a queuing process. Poisson and Erlang queues. Im bedded 
chains. T ransien t behavior of the systems M /G /l  and G I/M /1 . T he general 
queue G I/G /1 . Bulk queues. A pplications to specific engineering problems 
such as shop scheduling, equipm ent m aintenance, and inventory control.
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9562. INVENTORY TH EO RY
Credit three hrs. Fall. T hree  lecture-recitation periods. Prerequisites: 9460 and 
permission of the instructor.
An in troduction  to the m athem atical theory of inventory and production 
control w ith emphasis on the construction and  solution of m athem atical 
models: topics will be draw n from the recent technical lite ra tu re  and will 
include determ inistic and stochastic demands; dynam ic program m ing and 
stationary analyses of inventory problems; renewal theory applied to inventory 
problems; m ulti-echelon problems; statistical problems; and production 
smoothing.
9563. SELECTED TOPICS IN T H E  TH EO RY  OF QUALITY AND 
RELIA BILITY  CO N TRO L
Credit three hrs. Spring. T hree  lectures. Prerequisite: 9470 or the equivalent.
T his course will concentrate on the statistical properties and derivation 
of some quality  and reliability  control procedures. Topics will include the 
economic design of Shewhart control charts, cum ulative sum control charts, 
Girshick and R ub in  control procedures, m oving average control charts, 
sam pling inspection by variables for percent defective, reliability  estim ation, 
and reliability  grow th models.
9564. SEQUENTIAL DECISION AND C O N TR O L PROCESSES 
Credit three hrs. Fall. T h ree  lectures. Prerequisite: 9531.
W ill concentrate on Markov sequential decision models w ith general action 
and state spaces. A careful study of the underlying probabilistic structure. 
Fin ite horizon problems, total expected discounted re tu rn , optim al stopping, 
tim e average re tu rn  criteria. Study of the existence and  characterization of 
optim al control strategies.
9569. SELECTED TOPICS IN APPLIED PROBABILITY 
Credit three hrs. E ither term . T hree  lectures. Prerequisites: 9560 and per­
mission of the instructor.
Selected topics in applied probability  for advanced students. Topics will be 
selected from the curren t lite ra tu re  in addition  to the research areas of the 
staff.
9571. DESIGN OF EXPERIM EN TS
C redit four hrs. Fall. Two recitations, one com putation  period. Prerequisite: 
9470 or permission of the instructor.
Use and  analysis of experim ental designs such as random ized blocks, L atin 
squares, and incom plete blocks; analysis of variance and covariance; factorial 
experim ents, confounding, fractional replication; statistical problem s associ­
ated w ith finding best operating  conditions; response-surface analysis.
9572. STA TISTICA L DECISION TH EO RY
Credit three hrs. Fall. T hree  recitations. Prerequisite: 9470 or equivalent.
T he general problem  of statistical decision theory and its applications. T h e  
com parison of decision rules; Bayes, admissible, and  m inim ax decision rules. 
Problem s involving a sequence of decisions over tim e, including sequential 
analysis. Use of the sam ple cum ulative d istribu tion  function, and o ther non- 
param etric methods. Applications to problems in  the areas of inventory con­
trol, sam pling inspection, capital investm ent, and  procurem ent.
9573. STA TISTICA L M U LTIPLE DECISION PROCEDURES
Credit th ree hrs. Spring. Two recitations, one com putation  period. P rerequ i­
site: 9571 or perm ission of the instructor.
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T h e  study of m ultiple-decision problems in which a choice m ust be m ade 
among two or m ore courses of action. Statistical form ulations of the problems. 
Fixed-sample size, two-stage, and sequential procedures. Special emphasis 
on applications to ranking problems involving choosing the “best” category 
where goodness is m easured in  term s of a particular param eter of interest. 
Recent developments.
9579. SELECTED TOPICS IN APPLIED STATISTICS
Credit three hrs. E ither term . Two recitations, one com putation period. P re­
requisite: 9470 or permission of the instructor.
Selected topics chosen from such areas as nonparam etric statistical methods, 
sequential analysis, m ultivariate analysis.
9580. D IG ITA L SYSTEMS SIM ULATION
Credit four hrs. Fall. Two lectures, one recitation. Prerequisites: 9481 and 
9470, or permission of the instructor.
T h e  use of a program  for a digital com puter to sim ulate the operating  char­
acteristics of a complex system in time. Discussion of problem s encountered in 
construction of a sim ulation program ; synchronization and file m aintenance, 
random  num ber generation, random  deviate sam pling. Program m ing in the 
CLP and SIM SCRIPT languages. Problem s in the design of effective investi­
gations using sim ulation; statistical considerations when sam pling from a 
sim ulated process.
9582. DATA PROCESSING SYSTEMS
Credit three hrs. Fall. One lecture, one com putation period. Prerequisite: 
9481 or permission of the instructor.
T h e  design of in tegrated data processing systems for operational and finan­
cial control; questions of system organization, languages, and equipm ent ap p ro ­
priate to this type of application, file structures, addressing and search p ro b ­
lems, sorting techniques; problems of m ultiple-rem ote-input, on-line data 
processing systems; techniques of system requirem ent analysis.
9591. OPERA TION S RESEARCH G RADUATE SEMINAR 
Credit one hr. Both terms. A weekly one-and-a-half-hour meeting.
Presentation of latest research results by visitors, staff, and advanced grad­
uate students. Discussion and study of assigned topics of im portance in the 
Field.
PHYSICS
Faculty: Vinay Ambegaokar, Neil W. Ashcroft, Karl Berkelman, Hans A. 
Bethe, Raym ond Bowers, Andrew A. Brownian, Peter A. C arruthers, David 
G. Cassel, Geoffrey V. Chester, Robert M. Cotts, John  P. Delvaille, John  W. 
DeW ire, Donald A. Edwards, Douglas B. Fitchen, K urt G ottfried, Kenneth I. 
Creisen, Franz L. Cross, Louis N. H and, Paul L. H artm an, Donald F. 
Holcomb, T oichiro K inoshita, Jam es A. K rum hansl, David M. Lee, R aphael 
M. L ittauer, H erbert M ahr, Bruce W. Maxfield, Boyce D. McDaniel, N. David 
M ermin, H erbert F. Newhall, Jay O rear, Lyman G. P arratt, R obert O. Pohl, 
A. Lincoln Read, John  D. Reppy, Edwin E. Salpeter, A lbert J . Sievers, 
R obert H. Silsbee, A lbert Silverman, R obert L. Sproull, Peter C. Stein, R ichard 
M. Talm an, D. Hywel W hite, John  W. W ilkins, K enneth G. W ilson, R obert 
R . Wilson, W illiam  M. W oodward, and D onald R. Yennie.
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Visiting and  Ad Hoc Faculty: David D. Clark, Roger A. Cowley, Peter A. 
Egelstaff, Thom as Gold, M artin  O. H arw it, M ark S. N elkin, T h o r N . R hodin , 
H enry S. Sack, W att W . W ebb, and George J. Wolga.
Also on the faculty, b u t not serving on graduate students’ Special Com­
mittees, are about forty Ph.D. instructors and  research associates.
Field Representative: D. Hywel W hite, 113 Clark H all and  118 Newman 
Laboratory.
Research and Study O pportunities
T H E O R E TIC A L  PHYSICS. M any-body theory, theory of superconductors, 
theory of m etallic state, superfluidity, statistical mechanics and irreversi­
bility, phonon physics and transport processes, low tem perature physics, 
electrodynamic phenom ena and defects in solids, dispersion relations and 
strong interactions — high energy limits, “bootstrap” dynamics, models of 
reaction processes — in ternal symmetries and their connection w ith strong 
in teraction dynamics, quan tum  electrodynamics, quan tum  field theory and re ­
norm alization, astrophysics, stellar structure. A bout half of the theory group 
is prim arily  associated w ith the Laboratory of N uclear Studies and about 
half prim arily  w ith the Laboratory of Atomic and Solid State Physics; 
however, continual in teraction w ithin the en tire  group takes place. Professors 
Ambegaokar, Ashcroft, Bethe, C arruthers, Chester, Egelstaff, G ottfried, Gross, 
K inoshita, K rum hansl, M erm in, N elkin, Salpeter, W ilkins, K. W ilson, and 
Yennie.
EXPERIM EN TA L H IGH-ENERGY N UCLEAR RESEARCH. Photoproduc­
tion processes involving in term ediate mass mesons and hyperons, energy 
levels of excited states of the proton, detailed study of the structure of the 
proton, synchrotron radiation , gamma ray interactions w ith m atter, Com pton 
scattering, photo-disintegration of nuclei, cosmic ray research including air 
showers and m ethods of detection of neu tra l prim ary radiations, properties 
of elem entary particles, and high-energy interactions. Large m achine shop 
and electronics shop; 2 Gev and 10 Gev electron synchrotrons, etc. Cornell 
staff and students partic ipate in research w ith the  AGS 30 Gev pro tron  syn­
chrotron at Brookhaven. Professors Berkelm an, Browman, Cassel, Delvaille, 
DeW ire, Edwards, Greisen, H and, L ittauer, M cDaniel, O rear, Read, Silver­
man, Stein, Talm an, W hite, R . Wilson, and W oodward.
EXPERIM EN TA L ATOM IC AND SOLID STA TE PHYSICS. Phonon physics, 
superconductivity, optical spectroscopy, low -tem perature physics, magneto- 
plasma waves, spin resonance, x ray emission and absorption spectra, electron 
diffraction, therm al conductivity, and spin relaxation. Large m achine shop 
and glass-blowing shop; several large stable DC magnets, superconducting 
solenoids, vacuum UV spectrographs, IR  to UV m onochrom ators, spin reson­
ance spectrometers, and x ray spectrometers. Available th rough  association 
w ith the M aterials Science C enter of Cornell University are: central facilities 
for electronics, crystal growing, analytical chemistry, technical operations, high 
pressure, x  ray and m etallography, crystal irrad iation , and  electron microscopy. 
Professors Bowers, Cotts, Cowley, Fitchen, H artm an, Holcomb, Lee, M ahr, 
Newhall, Parratt, Pohl, Sack, Sievers, Silsbee, W ebb, and  Wolga.
SPACE PHYSICS. Astrophysics, stellar structure, cosmic rays, radio astronomy, 
aurora, and upper atm osphere. Facilities are available th rough  the Cornell 
Center for Radiophysics and Space Research. These include a lu n ar surface
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laboratory, radio astronom y and ionospheric laboratories, and the radio tele­
scope in the Arecibo Ionospheric Laboratory in Puerto Rico. Professors 
Delvaille, Gold, Greisen, H arw it, and Salpeter.
APPLIED PHYSICS, M ATERIALS SCIENCE, ASTRONOMY AND SPACE 
SCIENCES, APPLIED M ATHEM ATICS, ETC. Many of the faculty of the 
Field of Physics are also mem bers of o ther Fields and Centers, and, in conse­
quence of the various com binations of interests (majors and minors), respec­
tive graduate students are often indistinguishable by fields. Physics faculty 
and students benefit from the cross-boundary inform alities and especially 
from the availability of m uch m ore extensive research facilities.
M AJOR AND M INO R SUBJECTS
For either the M aster’s or Ph.D. degree in the Field of Physics it suffices to 
have one m inor subject, either inside or outside the Field, but, for the Ph.D. 
degree, the studen t’s Special Com m ittee may require two minors. If two 
m inors are required, at least one m ust be outside the Field of Physics. W ith ­
in the Field of Physics, the possible m ajor and m inor subjects are:
M AJOR SUBJECTS M INO R SUBJECTS
Physics Physics
Experim ental Physics Experim ental Physics
T heoretical Physics Theoretical Physics
T he m ajor or m inor subject may be physics only if accompanied by a m inor 
or m ajor subject outside the Field of Physics. A physics m ajor is appropria te  
when the  m inor is outside the Field of Physics.
T h e  m ajor subject may be experim ental physics only if accompanied by 
theoretical physics as a m inor, and may be theoretical physics only if  ac­
com panied by experim ental physics as a m inor.
Each student has a Special Com m ittee th a t (a) represents his m ajor and 
m inor interests and (b) serves as an exam ining and advisory committee. T his 
Special Com mittee consists of at least three mem bers w ith at least two from 
the Field of Physics. T h e  in itia l com m ittee of three is norm ally appointed 
by the Physics Field Representative, b u t the student him self is expected to 
choose his “perm anent” com m ittee (to replace the appointed  committee) as 
soon as his m ajor and m inor interests become reasonably firm. T h e  chairm an 
of the “perm anen t” comm ittee represents the m ajor and normally, bu t not 
necessarily, is the m em ber who supervises the thesis.
ADMISSION. T he large m ajority  of en tering  students have completed the 
equivalent of an undergraduate physics m ajor program  including such junior- 
senior courses as analytical mechanics, electricity and magnetism , optics and 
wave m otion, electronics, atom ic physics, therm odynam ics, quantum  m echan­
ics, and solid state and nuclear physics. T h e  undergraduate train ing  also typ i­
cally includes some senior-course laboratory work in physics. Knowledge of d if­
ferential equations and of vector calculus is essential.
In adm itting  students, emphasis is on the quality  of the undergraduate work 
and on the promise for graduate work ra th e r than  on the extent of un d er­
graduate study in physics and related subjects. It is not unusual th a t an 
entering  student will enroll in one or m ore undergraduate courses to make 
up deficiencies.
Almost all students are adm itted  directly into the Ph.D. program . (If an 
app lican t’s academic background in physics is either deficient or question­
able, he may be adm itted  provisionally in to the Ph.D. program ; this is fairly
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common for students from foreign countries.) Some students prefer to work 
toward the M aster’s degree e ither as a term inal degree or on the way tow ard 
a Ph D. degree. Most students, however, prefer to proceed directly for the 
Ph.D. degree.
A student who wishes to in te rru p t his graduate work w ith a leave of absence 
for longer than  one year m ust apply for readmission on the same basis as a 
new student, i.e., he m ust obtain  the recom m endation of the Field Com m ittee 
on Admissions.
ASSISTANTSHIPS AND FELLOW SHIPS. Essentially all first-year graduate 
physics students are either teaching fellows o r fellowship holders. T h e  faculty 
emphasizes the train ing  im portance of teaching experience and encourages all 
qualified students to teach. R egular teaching appointm ents involve about six­
teen hours per week, usually in  undergraduate classrooms and  laboratories or 
as readers in  graduate courses. Any fellowship holder who wishes it, and 
whose fellowship conditions allow it, may have a teaching appointm ent, 
usually w ith reduced duties and w ith a reduced (additional) stipend.
Most th ird-year students are research assistants, nom inally  20 hours per 
week, for work on or closely allied to the stu d en t’s doctoral thesis w hich is 
norm ally undertaken at the end of the second year of g raduate work.
H olding an  appoin tm ent as a  research assistant or a  teaching fellow does 
not significantly delay the com pletion of the requirem ents for an  advanced 
degree.
EXAM INATIONS. T h e  graduate exam ination structure in  Physics is as 
follows: for a M aster’s degree, the M aster’s final exam ination (see, however, 
the comprehensive Admission to Candidacy Exam ination for the Ph.D.). For 
a Ph.D. degree, (a) a qualifying exam ination taken norm ally a t the  beginning 
of the second year of graduate work, (b) a com prehensive Admission to C an­
didacy Exam ination taken norm ally after the second year of g raduate work, 
and (c) a Ph.D. F inal Exam ination. For a few students m aking especially 
good progress their first year, the qualifying exam ination is oral only; for 
all others it is w ritten  and oral. I t may be taken a second tim e (within a year), 
b u t only one re-exam ination is allowed. If the Admission to Candidacy Ex­
am ination is passed at a satisfactory M aster’s level, the  Special Com m ittee 
may a t its discretion recomm end the award of a M aster’s degree w ithou t a 
thesis and w ithout fu rth er exam ination. T h e  Ph.D. F inal E xam ination is 
oral and is confined to the subject of the thesis.
No foreign language is required  for a M aster’s or a Ph.D. degree w ith  a 
m ajor subject in the Field of Physics. However, a good proficiency in  at least 
one foreign language (preferably Russian, Germ an, or French) is very d e­
sirable, and it is strongly recom m ended th a t this proficiency be acquired 
before graduate work is undertaken.
Courses of Instruction
Courses a t the undergraduate level are listed in  the  A nnouncem ent of the 
College o f A rts and Sciences. Of those, a few junior-senior courses are fre­
quently  taken by graduate students whose backgrounds are somewhat defi­
cient. Such courses are Physics 319, 325, 326, 342, 360, 431, 432, 443, 444, and 
454.
G raduate physics courses are num bered 500 or higher, and  are listed below. 
Before looking at the courses, note th a t almost all first-year physics graduate 
students (essentially all of whom are fellows o r teaching fellows) typically 
take three courses each term ; occasionally a fellow takes four courses. S tu­
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dents are encouraged to complete their “core” courses (courses to be taken 
before the M aster’s final or the Ph.D. Admission to Candidacy Exam ination) 
early; to expedite this, w ith three courses per term , students are urged to take 
course Physics 510 or 561 or both during  the sum m er preceding  their first 
academic year. A typical first-year program  for a student having “average” 
preparation , a program  w ithout m uch leeway, is the following (P =  physics 
and M =  m athematics):
First term : P-510; P-561 or 572; M-415.
Second term : P-562; P-572; M-416 or M aster’s thesis.
In addition to the formal courses, students and staff meet over coffee or 
tea a t weekly physics colloquia and topical seminars. For first-year graduate 
students a special sem inar is held biweekly to acquaint the newcomers with 
Cornell and the Physics D epartm ent. Every graduate student is allo tted  a study 
desk in one of the physics buildings, and he is encouraged to assume the life 
of an active physicist as one of the com m unity as soon as possible. T hree 
factors may be m entioned th a t help make the Cornell com m unity of physicists 
a close-knit one — (1) generally common “core” courses, (2) ro tation  of the 
professors teaching these courses, and (3) the small college town atmosphere. 
T h e  professors are generally available for consultation w ith students.
500. INFORM AL GRADUATE LABORATORY
E ither term . Credit one to three hours a term . Associated w ith the Physics 510 
laboratory. Prim arily for graduate students who have had at least one year of 
college physics w ith laboratory bu t who do not have the prerequisites for 
Physics 510. T  W or T h  F 1:25-4:25. Messrs. H artm an, Batterm an, Cassel, 
Cuykendall, M ahr, Mistry, Reppy, Siegel, Stein, T alm an, and W oodward.
505-506. DESIGN OF ELECTRO N IC CIRCU ITRY
T hroughou t the year. C redit two hours each term . Prerequisites: Physics 
360, M athematics 315, and fam iliarity w ith complex representation of a-c 
signals, or consent of the instructor. Course 505 is prerequisite to 506. T  T h  
9:05. Mr. L ittauer and staff.
C ircuit techniques and design in electronic m easurem ent and instrum en­
tation  w ith emphasis on pulse waveforms. At the level of Pulse Electronics 
by L ittauer.
510. ADVANCED EX PER IM EN TA L PHYSICS
E ither term . Credit three hours per term . Prerequisites: Physics 410 and 443, 
or consent of the instructor. At least one term  of Physics 510 is ordinarily  
required of every graduate physics student du ring  his first year at Cornell. 
Laboratory, T  W  or T h  F 1:25-4:25. Instructing  staff same as for Physics 500.
A bout seventy different experim ents are available am ong the subjects of 
mechanics, acoustics, optics, spectroscopy, electrical circuits, electronics and 
ionics, heat, x rays, crystal structure, solid state, cosmic rays, and nuclear 
physics. T h e  student is expected to perform  four to eight experim ents, 
selected to meet his individual needs. Stress is laid on independent work.
520. ADVANCED EXPERIM EN TA L PROJECTS
E ither term . Credit three hours per term . Prerequisites: Physics 510 and 
consent of the instructor. H ours to be arranged. Mr. L ittauer and staff.
Projects of m odern topical interest th a t involve some independent develop­
m ent work by the student. O pportun ity  for m ore in itiative in experim ental 
work than  is possible in Physics 510. One or two projects in different areas 
typically comprise a te rm ’s work (e.g., w ith the Cornell 2 Gev synchrotron, 
or w ith a liquid  helium  cryostat, or w ith both.)
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561. T H E O R E TIC A L  PHYSICS I
Fall term . Credit four hours. Prerequisites: Physics 319 and 325 and co­
registration in M athematics 415 or 423, o r consent of the instructor. M 1:25 
and T  T h  S 11:15. Mr. Nelkin.
M echanics (about seven weeks): variational principles, L angrangian m e­
chanics w ith applications, H am iltonian  mechanics and Poisson brackets, small 
vibrations and norm al modes, and symmetry principles. Electrodynamics 
(about eight weeks): M axwell’s equations, electrom agnetic potentials, stress 
energy, wave guides, wave propagation, and plasmas. At th e  level of M e­
chanics by Landau and Lifshitz and of Electricity and M agnetism  by Jackson.
562. TH E O R E TIC A L  PHYSICS II
Spring term . Credit four hours. Prerequisites: Physics 561 and either 443 
or coregistration in Physics 572, or consent of the instructor. M 1:25 and T  T h  
S 11:15. Mr. Chester.
Elect.-odynamics and relativity  (about six weeks): rad iation , Lienard-W ie- 
chert potentials, m ultipoles, relativity, and relativistic applications. Statistical 
physics (about nine weeks): laws of therm odynam ics, in troduction  to phase 
change, ensemble theory, therm odynam ic fluctuations, Ferm i-D irac and Ein- 
stein-Bose statistics w ith applications, transport phenom ena, and in teracting  
systems. At the level of Electricity and M agnetism  by Jackson and  of Statistical 
Physics by Landau and Lifshitz.
[566. TOPICS IN T H E O R E TIC A L  ASTROPHYSICS]
Spring term . Credit three hours. Prerequisite: graduate student status w ith  a 
good background in physics, or consent of the  instructor. T h is course and 
Astronomy 560 alternate by year. M T h  F 1:25. M r. Salpeter. N ot offered in
1968-69.
Typical topics are: theory of stellar structure, theory of stellar atmospheres, 
and theories of in terstellar m edium . Topics and th e ir treatm en t will vary from 
year to year.
572. QUA NTU M  MECHANICS
E ither term . Credit four hours. Prerequisites: Physics 443, 561 (or 432), and 
at least coregistration in M athem atics 415 or 423, or consent of the instructor. 
M W  F 11:15 and S 9:05. Fall term , Mr. Salpeter. Spring term , Mr. Bethe.
Principles of wave mechanics. Illustrative solutions of the  Schrodinger 
equation, scattering, D irac’s form ulation of quantum  mechanics, transfor­
m ation theory, and approxim ation m ethods. Symmetries: angular m om entum , 
spin, the exclusion principle. At the level of Q uantum  Mechanics, Vol. I and 
p a rt of Vol II, by Messiah.
574. IN TER M ED IA TE QUA NTU M  MECHANICS
Spring term . Credit four hours. Prerequisites: Physics 572 and at least co­
registration in  Physics 562 and in M athem atics 416, or consent of the instruc­
tor. M W  F S 10:10. Mr. K. Wilson.
Discussion of various applications of quan tum  mechanics such as collision 
theory, theory of spectra of atoms and molecules, theory of solids, emission of 
radiation , and relativistic quantum  mechanics. At the level of Q uantum  
Mechanics o f One- and Two-Electron A tom s  by Bethe and  Salpeter.
612. EXPERIM EN TA L ATOM IC AND SOLID STA TE PHYSICS 
Spring term . Credit three hours. Prerequisites: Physics 510, 561, and 562, or 
consent of the instructor. M W  F 2:30. Mr. Fitchen and  staff.
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Lectures on techniques and design principles, w ith emphasis on the study 
of solids by their interactions w ith electrom agnetic fields. Topics include 
sources and detectors, scanning and resonance techniques, signal-processing, 
sample characterization, and environm ental control. Illustrative examples 
from the recent litera tu re  are studied in detail.
614. EX PER IM EN TA L H IGH-ENERGY PHYSICS
Spring term . Credit three hours. Prerequisites: Physics 510, 561, and 562, or 
consent of the instructor. Two lectures and one problem discussion section per 
week. T  T h  F 1:25. Mr. Browman and staff.
Design principles of high-energy apparatus: accelerators, beam transport, 
detection systems, etc., w ith examples of their applications. Practice in the use 
of relativistic kinematics. Statistical analysis in the design and in terpreta tion  
of experim ents. Discussion of the pitfalls encountered in actual experim ents, 
w ith examples from the recent litera ture .
635. SOLID STA TE PHYSICS I
Fall term . Credit three hours. Prerequisites: Physics 572 and statistical physics 
at the level of Physics 562, or consent of the instructor. T  T h  S 11:15. Mr. 
Bowers and staff.
An introduction  to solid state physics including studies of lattice vibrations, 
the electronic structure of metals and of insulators, w ith applications to
electrical, therm al, and transport properties.
636. SOLID STA TE PHYSICS II
Spring term . Credit three hours. Prerequisite: Physics 635 or consent of the
instructor. T  T h  S 11:15. Mr. M ermin.
T he concepts developed in Physics 635 are extended and applied to a survey 
of some of the following: the Ferm i surface in metals, localized states, m ag­
netism, neu tron  and light scattering, and phenom enological superconductivity.
645. NUCLEAR PHYSICS
Fall term . Credit three hours. Prerequisite: Physics 572 or consent of the in ­
structor. M W F 11:15. Mr. H and.
Properties of nuclei, detection of particles, a lpha decay, fission and therm o­
nuclear reactions, gamma decay, beta decay, two-nucleon systems, nuclear 
models, and nuclear reactions.
646. H IG H  ENERGY PA RTICLE PHYSICS
Spring term . Credit three hours. Prerequisite: Physics 574 o r 645 or consent 
of the instructor. M W  F 11:15. Mr. Silverman.
T h e  physics of nucleons, mesons, and strange particles from an experim ental 
point of view. High-energy phenom ena, as opposed to classical nuclear physics, 
will be stressed. At the level of A n  Introduction  to E lem entary Particles by 
W illiams.
N O T E : In  courses above 650 the final grades will be only S or U.
651. ADVANCED Q UA NTU M  MECHANICS
Fall term . Credit three hours. Prerequisite: Physics 574 or consent of the in ­
structor. M W  F 10:10. Mr. Kinoshita.
Relativistic quan tum  mechanics with emphasis on pertu rba tion  techniques. 
Extensive applications to quan tum  electrodynamics. In troduction  to renorm ali­
zation theory. At the level of Relativistic Q uantum  Mechanics by Bjorken 
and Drell.
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652. QUA NTU M  FIELD TH EO RY
Spring term. Credit three hours. Prerequisite: Physics 651 or consent of the 
instructor. M W  F 10:10. Mr. Yennie.
Canonical field theory, model field theories, G reen’s functions, renorm aliza­
tion. In troduction  to analytic properties of scattering am plitudes and d is­
persion relations. Applications to strong interactions. A t th e  level of R ela­
tivistic Q uantum  Fields by Bjorken and Drell.
653. STA TISTICA L PHYSICS
Fall term . Credit three hours. Prerequisites: Physics 562 and 572, or consent 
of the instructor. T  T h  S 10:10. Mr. W ilkins.
A survey of topics in contem porary statistical physics, such as the Boltzmann 
equation, plasmas, sound propagation, phenom enological Ferm i liqu id  theory, 
critical phenom ena of simple fluids and ferromagnetics, classical fluids, in tro ­
duction to Kubo form ulae and G reen’s functions, and superfluids. At the level 
of Statistical Physics by Landau and Lifshitz.
654. TH EO RY  OF M ANY-PARTICLE SYSTEMS
Spring term . Credit three hours. Prerequisites: Physics 635 and 653, or consent 
of the instructor. T  T h  S 10:10. Mr. Ambegaokar.
T h e  equilibrium  and transport properties of microscopic systems of m any 
particles are studied a t zero and finite tem peratures. T h e  therm odynam ic 
G reen’s function techniques are developed and applied to a variety of systems. 
Probable topics for discussion are the electron gas at high densities, the 
norm al Ferm i liquid, superconductivity, ferrom agnetism , and  the anharm onic 
crystal.
[657. TH EO RY  OF NUCLEI]
Fall term . Credit three hours. Prerequisites: Physics 574 and 645, o r consent 
of the instructor. Offered in  a lternate years and  only if registration exceeds 
nine students. M W  F 9:05. Mr. Bethe. N ot offered in  1967-68.
661. HIGH-ENERGY PHENOM ENA
Fall term . C redit three hours. Prerequisite: Physics 651 o r consent of the 
instructor. Offered only if registration exceeds nine students. M W  F 10:10. 
Mr. Gottfried.
Topics of curren t interest in the theory of strong interactions. A t the level of 
Dispersion Relations by Klein.
680. SPECIAL TOPICS
E ither term . Credit one to three hours a term . U pon sufficient dem and, sem i­
nars will be arranged in topics not currently  covered in regular courses. T y p i­
cal topics are group theory, analyticity, weak interactions, superfluids, stellar 
structure and evolution, plasma physics, cosmic rays, relativity  theory, low- 
tem perature physics, x ray spectroscopy or diffraction, m agnetic resonance, 
etc. For 1967-68: Fall term : Real Metals, Messrs. W ilkins and Ashcroft; and 
Dynamics of Strong Interactions, Mr. Gross. Spring term : T heory  of Liquids, 
Mr. Egelstaff; Recent Developments in  Q uantum  Field T heory, M r. K inoshita; 
and Collective Excitations (Phonons, Spinwaves, etc.) in Condensed M aterials 
and T h eir Experim ental Properties, Mr. K rum hansl.
690. IN D EPEN D EN T STUDY IN PHYSICS
E ither term . Credit one to th ree hours a term . Special study in some branch 
of physics, e ither theoretical or experim ental, under the direction of any 
professorial m em ber of the staff. Permission of the staff m em ber un d er whose 
direction the work is to be done m ust be obtained before registration.
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Graduate Student Statistics
N um ber of full-tim e graduate physics students: about 210 
N um ber of part-tim e graduate physics students: about 1 
N um ber of graduate fellows in physics: about 60 
N um ber of first-year graduate physics students: about 60 
N um ber of Ph.D. degrees granted in physics each year: about 27 
M edian num ber of years spent in graduate study by those receiving the Ph.D. 
degree in physics: about 5.0
T h e  faculty is unanim ous in the conviction th a t five years between the 
Bachelor's and the Ph.D. degree is too long; efforts are under way to reduce 
this m edian time.
F U R T H E R  IN FO RM A TIO N . A copy of the brochure Graduate Study in 
Physics at Cornell, containing additional inform ation for the prospective 
graduate student, along with m aterials needed to file an application for an 
assistantship, may be obtained by w riting to the C hairm an of the D epartm ent 
of Physics, Clark Hall.
STATISTICS
Faculty: R obert E. Bechhofer, Isadore Blumen, Lawrence D. Brown, Roger 
Farrell, W alter T . Federer, H arry  Kesten, Jack Kiefer, Ph ilip  J. M cCarthy, 
N arahari U. P rabhu, Douglas S. Robson, Shayle R. Searle, Frank L. Spitzer, 
Bernt P. Stigum, H oward M. Taylor III, N. Scott U rquhart, Lionel Weiss, 
Jacob Wolfowitz.
Field Representative: Isadore Blumen, 360 Ives H all.
M AJOR SUBJECT 
Statistics
M INO R SUBJECTS
Provisions for m inoring in statistics are given in the descriptions of the Fields 
of O perations Research, Industrial and Labor Relations, M athematics, and 
Plant Breeding and Biometry contained in the A nnouncem ents of the 
various Areas of the G raduate School.
ADMISSION REQ UIREM EN TS. Since one of the principal aims of graduate 
work in the Field of Statistics is th a t of train ing  individuals who will have a 
thorough knowledge of the theoretical basis of m odern statistical m ethod and 
will have dem onstrated ability  to make significant contributions to this 
theory, applicants should ordinarily  have obtained nearly the equivalent of an 
undergraduate m ajor in m athem atics. It is strongly recom m ended th a t ap p li­
cants resident in the U nited States during  the year before entering  the G rad­
uate School present scores on the G raduate Record Exam ination A ptitude 
Test.
LANGUAGE R EQ U IR EM EN T. T here  is no foreign language requirem ent 
for the M.S. degree. A candidate for the Ph.D. degree m ust dem onstrate read ­
ing ability in one language besides English, chosen from among French, 
Germ an, or Russian.
PROGRAM  OF STUDY. A student m ajoring in  the Field of Statistics m ust 
complete a g raduate sequence of courses in m athem atical statistics which
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has been approved by his Special Com mittee. O ther course work requ ired  of 
m ajors in statistics will be chosen from am ong th e  offerings, as listed below, 
of the members of the Field. A doctoral student in th e  Field of Statistics 
ordinarily  has two m inor subjects b u t may, in  consultation w ith the chairm an 
of his Special Com m ittee, choose to work in  one m inor subject. One m inor 
subject will often be in  an area of interest to the  student in w hich the m ethods 
of statistics find extensive application. A second m inor is usually devoted to 
m athem atics, com puting, or a  sim ilar subject.
PH.D. EXAM INATIONS. In  addition  to the Admission to Candidacy Exam ­
ination, which will ordinarily  be adm inistered by the s tu d en t’s Special Com ­
m ittee du ring  or at the end of the  th ird  year of g raduate study, and the Final 
Exam ination on the thesis, the  student will be given a qualifying exam ina­
tion. T h is exam ination will occur shortly after the first year of g raduate study. 
I t will serve to determ ine the ability of the  candidate to pursue doctoral 
studies and to assist the Special Com m ittee in  developing a program  of study 
for the candidate.
Teaching and Research Interests of the Faculty
In  extrem ely broad terms, the teaching and  research interests of faculty 
mem bers are in the following general areas: biological applications of p roba­
bility  and statistics (Federer, Robson, Searle, U rquhart); engineering and 
operations research applications of probability  and statistics (Bechhofer, 
Prabhu , Taylor, Weiss); m athem atical theory of probability  and statistics 
(Brown, Farrell, Kesten, Kiefer, Spitzer, Wolfowitz); social science applications 
of probability  and statistics (Blumen, M cCarthy, Stigum).
Some of the more specific areas of curren t interest are: analysis and 
probability  theory (Kesten, Spitzer); design and  analysis of experim ents (Bech­
hofer, Federer, Kiefer, Robson, Searle, U rquhart, Wolfowitz); econometrics 
(Stigum); h igh speed com puting (Searle); m athem atical theory of statistics 
(Farrell, Kiefer, Wolfowitz); m ultiple decision procedures (Bechhofer); m u lti­
variate analysis (Blumen, U rquhart); nonparam etric statistics (Blumen, Weiss); 
queuing and inventory theory (Prabhu); sam pling theory (McCarthy, R ob­
son): sequential sam pling m ethods (Kiefer, Weiss); statistical control theory 
(Taylor); statistical genetics (Federer, Robson, Searle).
Courses
Descriptions of th e  following courses may be found in the A nnouncem ents 
of the  various Areas of the G raduate School un d er the Fields w ith  which 
they are identified; in  those sections reference is also m ade to several advanced 
seminars, bo th  form al and  inform al, the  content of w hich varies from year to 
year.
Advanced Undergraduate and M aster’s 
Level Courses
OPERATIONS RESEARCH
9460. IN T R O D U C T IO N  T O  PROBABILITY TH EO RY  W IT H  
EN G IN EERIN G  APPLICATIONS
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9470. IN T R O D U C T IO N  T O  STA TISTICA L TH EO RY  W IT H  
ENG IN EERIN G  APPLICATIONS
9512. STA TISTICA L M ETHODS IN QUALITY AND RELIA BILITY  
C O N TRO L
9570. IN TER M ED IA TE EN G IN EER IN G  STATISTICS
INDUSTRIAL AND LABOR RELATIONS
310. DESIGN OF SAMPLE SURVEYS
311. STATISTICS II
410. TECH N IQ U ES OF M U LTIV A RIA TE ANALYSIS
411. STA TISTICA L ANALYSIS OF Q U A LITA TIV E DATA
MATHEMATICS 
371. BASIC PROBABILITY
472. STATISTICS
PLANT BREEDING AND BIOMETRY
410—111. M A TH EM ATICAL AND STA TISTICA L MODELS IN  BIOLOGY 
417. M A TR IX  ALGEBRA IN BIOLOGY AND STATISTICS
510. STA TISTICA L M ETHODS I
511. STA TISTICA L M ETHODS II
Advanced Master’s and Doctor’s Level Courses
OPERATIONS RESEARCH
9560. APPLIED STOCHASTIC PROCESSES
9561. QUEU IN G  TH EO RY
9564. STA TISTICA L ASPECTS OF RELIA BILITY  ANALYSIS
9571. ADVANCED IN D U STRIA L AND EN G IN EER IN G  STATISTICS
9572. STA TISTICA L DECISION TH EO RY
9573. STA TISTICA L M U LT IPL E  DECISION PROCEDURES
INDUSTRIAL AND LABOR RELATIONS  
610. ECONOM IC AND SOCIAL STATISTICS
614. TH EO RY  OF SAMPLING
MATHEMATICS
571. PROBABILITY
572. STA TISTIAL INFERENCE
574. ADVANCED PROBABILITY
575. IN FO RM A TIO N  THEO RY
673. ANALYSIS OF VARIANCE
674. DESIGN OF EXPERIM EN TS
675. STA TISTICA L ESTIM A TIO N
676. DECISION FUNCTIONS 
677-678. STOCHASTIC PROCESSES
PLANT BREEDING AND BIOMETRY
513. DESIGN OF EXPERIM EN TS I
514. DESIGN OF EXPERIM EN TS II
517. LINEAR ESTIM A TIO N  AND TESTS OF HYPOTHESIS
518. SPECIAL TOPICS IN SEQUENTIAL SAMPLING, BIOASSAY, 
N ON PA RA M ETRIC STATISTICS, ETC.
519. STA TISTICA L GENETICS
TH EO RETICAL AND APPLIED MECHANICS
Faculty: Kyle T . Alfriend, H enry D. Block, H arry  D. Conway, E dm und T . 
Cranch, H erbert H . Johnson, R ichard  H . Lance, Geoffrey S. S. Ludford, 
Jo h n  P. M oran, John  R. M oynihan, Y ih-Hsing Pao, David N. Robinson.
Visiting Faculty: Michael D. Greenberg, R obin  J. Knops.
Field Representative: Yih-Hsing Pao, 237 T h u rsto n  H all.
M AJOR AND M IN O R SUBJECTS 
Fluid Mechanics 
Mechanics of M aterials 
Solid Mechanics
T he graduate program  in  mechanics emphasizes fundam ental understanding 
of the newest developm ents in engineering and applied science. G raduate 
students may pursue in dep th  mechanics of liquids, gases, particles, rigid and 
deform able solids and related areas of materials, m athem atics, and physics. 
T h e  analytical and experim ental n atu re  of the studies encourages research 
th a t cuts across various fields. G raduate students pursue program s in  the fol­
lowing areas of specialization: (1) space mechanics — including research on 
trajectories and orbits of space vehicles and satellites as well as the theory of 
light-weight, thin-w alled structures; (2) wave propagation  in  solids — w ith 
research on the dynam ic response of plates, structures, and  m achine elements;
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(3) structural mechanics including static and dynam ic loading, vibrations, and 
buckling; (4) theory of elasticity and plasticity; (5) theoretical fluid mechanics 
— w ith research in magnetohydrodynamics.
T h e  flexibility of the M.S. and Ph.D. programs in mechanics perm its s tu ­
dents to draw on several divisions of the University for supporting  work in 
pure and applied science. G raduate students in  theoretical and applied m e­
chanics and applied m athem atics find these allied subjects of interest: 
m athem atics, structures, engineering physics, servomechanisms, m achine de­
sign, aerospace engineering, soil mechanics, and physics. T o  encourage the 
development of broad interests and skills a student norm ally is expected to 
select his two m inors from approved subjects in o ther Fields.
Students whose m ajor is engineering, physics, or applied m athem atics are 
encouraged to apply for admission. T h e  Field basically requires a m ature 
and sound background in mechanics and m athem atics b u t expects the ap p li­
cant to satisfy no additional formal entrance qualifications beyond those of 
the G raduate School. (See Admission, pages 6-8.)
T h e  Field of T heoretical and Applied Mechanics requires th a t each 
doctoral candidate dem onstrate reading ability  in  one language o ther than  
his native language. Exam ination policy for proficiency is set by the Language 
Board of the G raduate School. T h e  language selected m ust be approved by 
the Special Committee.
T he Field of Theoretical and A pplied Mechanics regards teaching ex­
perience as an essential p art of the academic tra in ing  of all doctoral candidates 
and hence makes such experience a requirem ent for the degree. Students ad ­
m itted w ith advanced standing may receive credit for teaching experience 
acquired elsewhere.
Financial aid for students in the Field consists of University fellowships, 
teaching fellowships in the D epartm ent of Theoretical and Applied Me­
chanics, and a lim ited num ber of research assistantships in the same D epart­
m ent. Letters of application for financial aid should be subm itted to the 
G raduate Field Representative.
Courses
1159. EX PER IM EN TA L MECHANICS
Credit three hrs. Fall. One recitation, two laboratories. Prim arily for graduate 
students and qualified undergraduates. M r. Robinson.
B rittle coating m ethod of experim ental stress analysis. Electrical resistance 
type strain  gages, including factors influencing alloy sensitivity, gage construc­
tion, gage factors, and stress gages. Instrum entation  for static and dynam ic 
strain  gage work including a brief coverage of amplifiers, galvanometers, re ­
corders, and oscilloscopes. Photoelastic m ethods of stress analysis, photostress.
1160. C O N TIN U U M  MECHANICS
Credit three hrs. Fall. T hree  lectures. G raduates and qualified undergraduates. 
Mr. Knops.
A unified approach to the theory of continuous m edia based on therm o­
dynamic and invariant principles. Kinematics of the continuum , stress 
hypothesis, uniqueness, constituitive equations. Special topics and examples 
from finite elasticity theory, the Navier-Stokes fluid and plasticity.
1162. V IBRATIO N  OF ELASTIC SYSTEMS
Credit four hrs. Spring. T h ree  lectures and one laboratory. G raduates and 
qualified undergraduates. Mr. Pao.
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Review of v ibration of linear lum ped system w ith emphasis on m atrix  
m ethod and transient phenom ena. Free and forced vibration  of continuous 
systems, including strings, rods, beams, m em branes, and plates. Waves in rods 
and beams. O rthogonality conditions and application of generalized functions. 
Rayleigh-Ritz m ethod. M athieu function and dynam ic instability  of strings, 
columns and o ther elastic systems. N onlinear phenom ena.
1163. APPLIED ELASTICITY
Credit three hrs. Fall. T hree  lectures. G raduates and  qualified undergraduates. 
Offered in  alternate years beginning 1967-68. Mr. Conway.
Analysis of th in  curved bars. Plane stress and plane strain  in  the circular 
cylinder, effects of pressure, rotation , and therm al stress. Small and  large 
deflection theory of plates, classical and approxim ate m ethods. Strain energy 
m ethods. Symmetrically loaded th in  cylindrical shell. T orsion of thin-w alled 
mem bers. A first course in the mechanics of elastic deform able bodies with 
structural applications.
1164. TH EO RY  OF ELASTICITY I
C redit three hrs. Spring. T hree  lectures. Offered in a lternate years beginning
1967-68. Mr. Conway.
G eneral analysis of stress and strain. Plane stress and strain . Airey’s stress 
function solutions using Fourier series, Fourier integral, and approxim ate 
m ethods. St. V enant and Michell torsion theory. Simple three-dim ensional 
solutions. Bending of prism atical bars. Axially loaded circular cylinder and 
half space.
[1165. TH EO RY  OF ELASTICITY II]
Credit th ree hrs. Spring. T h ree  lectures. N ot offered in  1967-68.
Development in tensor form of the basic equations of large deform ation
elasticity; solution of certain  large deform ation problems. Linearization to 
infinitesim al elasticity. Boussinesq-Papkovich potentials and th e ir application 
to three-dim ensional problems; contact problems; p lane stress by m ethod of 
M uskhelishvili; application of conformal m apping; Cauchy in tegral tech­
niques in  elasticity; torsion problems.
1166. STRESS WAVES IN SOLIDS
Credit th ree hrs. Spring. T hree  lectures. Prerequisites: 1162, 1163, o r equiva­
lent. Offered in alternate years beginning 1967-68. Mr. Robinson.
G eneral equations of elastodynamics. Waves in  extended elastic m edia. 
Reflection and  refraction of waves. Surface waves and waves in  layered m edia. 
V ibrations and waves in strings, rods, beams and plates. Dispersion in 
m echanical wave-guides. T ransien t loads. Scattering of elastic waves and 
dynam ical stress concentration. Waves in  anisotropic m edia and  visco-elastic 
media.
[1167. STABILITY TH EO RY  OF PLATES AND SHELLS]
Credit three hrs. Spring. T h ree  lectures. G raduates and qualified underg rad ­
uates. N ot offered in 1967-68.
G eneral form ulation of equations and criteria  for static and dynam ic 
stability  of plates and shells. Energy m ethods. Conservative and  nonconserva­
tive loading. M em brane and bending stresses and displacem ents. A pplications 
to the buckling of plate and shell type structures.
[1168. TH EO RY  OF PLASTICITY]
Credit th ree hrs. Spring. T hree  lectures. G raduate students and qualified 
undergraduates. N ot offered in  1967-68.
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Theory of inelastic behavior of m aterials. Plastic stress-strain laws, yield 
criteria and flow laws. Flexure and torsion of bars, thick-walled cvlinders, 
m etal form ing and cutting, stress analvsis in metals and soils. Yield hinges. 
Lim it analysis. Shakedown of simple statically indeterm inate members.
1170. ADVANCED DYNAMICS
Credit three hrs. Fall. T hree  lectures. G raduate students and qualified u n d er­
graduates. Mr. Lance.
Newton's equations of m otion for a system of masses, their solution, m om en­
tum , energy. Systems w ith variable mass, rocket equations. V ariational p rin ­
ciples of mechanics, d 'A lem bert’s principle, Lagrange’s equations, H am ilton’s 
equations. Stability of m otion, L iapunov’s m ethod. R igid body m otion, E uler’s 
equations, tops, gyroscopes. Theory  of small oscillations.
1172. SPACE FL IG H T  MECHANICS
Credit three hrs. Spring. T hree  lectures. G raduate students and qualified 
undergraduates. Mr. Alfriend.
Three-body problem ; regularization; Jacobi integral; restricted three-body 
problem ; H ill curves; lib ration  points and stability; m otion in cislunar space; 
in terp lanetary  trajectories; space navigation; lim iting  problem s in  space 
travel; theory of optim al trajectories; Pontryagin m axim um  principle; ren ­
dezvous problems.
1180. M ETHODS OF APPLIED M ATHEM ATICS I
Credit three hrs. Fall. T hree  lectures. Prerequisite: one-semester course in 
ordinary and partia l differential equations. Mr. Greenberg.
O rdinary differential equations; series; orthogonal functions and Sturm- 
Liouville theory; G reen’s function; Fourier and Laplace transforms; functions 
of several real variables; vector analysis; matrices; partia l differential eq u a­
tions; w ith application to engineering problems.
1181. M ETHODS OF APPLIED M A TH EM ATICS II
Credit three hrs. Spring. T h ree  lectures. Prerequisite: 1180. Mr. Greenberg.
C ontinuation, from 1180, of partia l differential equations; complex variable: 
tensor analysis: calculus of variations w ith  application to engineering 
problems.
1182. M ETHODS OF APPLIED M A TH EM ATICS III
Credit three hrs. Fall. T hree  lectures. Prerequisite: 1181 or equivalent. Mr. 
Ludford.
A pplication of advanced m athem atical techniques to engineering problems. 
Conformal m apping; complex integral calculus; G reen’s function; integral 
transforms; asymptotics including steepest descent and stationary phase; 
W iener-H opf technique; general theory of characteristics; pertu rba tion  m eth ­
ods; singular perturbations including PLK m ethod and boundary layers. 
Development will be in term s of problem s draw n from vibrations and 
acoustics, fluid mechanics and elasticity, heat transfer, electro magnetics.
1183. M ETHODS OF APPLIED M A TH EM ATICS IV
Credit three hrs. Spring. T hree  lectures. Prerequisite: 1182 or equivalent. 
Mr. Ludford.
More extensive treatm ent of 1182 in same spirit. Topics include: m ethod 
of m atched asymptotic expansions, W.K.B. approxim ation; H ilbert-Schm idt 
and Fredholm  theories of integral equations; singular integral equations. 
W iener-H opf equations w ith application to finite interval, Carlem an equation
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and  its generalization, effective approxim ations; fu rth er m ethods in partia l 
differential equations, slot problems.
1184. NUM ERICAL M ETHODS IN ENG IN EERIN G
C redit four hrs. Spring. Prerequisite: 1181 o r equivalent. Mr. M oran.
M ethods for ob taining  num erical solutions to problem s arising in  engineer­
ing and for evaluating analytical solutions num erically. Accelerating con­
vergence of series solutions; continued fractions, quotient-difference algo­
rithm s. Solution of initial-value and boundary-value problem s for ordinary  
differential equations. Q uadrature; solution of integral equations. D irect and 
iterative m ethods for solving algebraic equations and systems of equations. 
Eigenvalue problems. Partial differential equations; fxnite-difference methods, 
m ethod of characteristics, integral methods.
1196. RESEARCH IN T H E O R E TIC A L  AND APPLIED MECHANICS 
C redit as arranged. Staff.
Thesis o r independent research in a field of theoretical and applied m e­
chanics. Such research m ust be under the guidance of a staff m em ber.
1197. SELECTED TOPICS IN  T H E O R E TIC A L  AND 
APPLIED MECHANICS
Credit as arranged, any term . Staff.
Qualified students wishing to do work in any field of theoretical and 
applied mechanics should register for this course after consultation w ith  the 
departm ent. Students work w ith appropria te  m em bers of the staff in the 
chosen field. Typical areas of work include theory of elastic stability, theory 
of plates and  shells, rocket theory and design, wave propagation, elasticity, 
vibrations, and  experim ental mechanics.
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Faculty: David J. Allee, R ichard  D. Black, Leonard B. Dworsky, A lfred W. 
E ipper, Louis M. Falkson, Charles D. Gates, Lawrence S. H am ilton, George
A. Kiersch, G ilbert Levine, D aniel P. Loucks, W alter R . Lynn, Paul J . Zwer- 
man.
Field Representative: C. D. Gates, 223 H ollister H all.
M IN O R SUBJECT 
W ater Resources
T his Field offers qualified engineers and biological, physical, and social 
scientists an  opportun ity  to gain b read th  of knowledge in  w ater resources 
p lanning  and m anagem ent at the same tim e th a t they increase th e ir dep th  
of knowledge in their own disciplines. Study in the m ajor subject is com ple­
m ented by an integrated and in terdisciplinary program  of study in  a m inor 
subject designated as water resources and required  of all candidates choosing 
th is Field.
T h e  w ater resources m inor will represent for each candidate th a t com­
b ination  of courses, including core courses, seminars, and projects, outside 
his own discipline, which, in the judgm ent of his com m ittee, is most likely 
to m eet his needs and interests in  the comprehensive aspects of his program .
Com plem enting m ajor and m inor subjects ordinarily  will be chosen from 
the following list (Fields and faculty as shown):
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Aerial photographic studies (Civil Engineering): D. J. Belcher, T . Liang, 
G. B. Lyon, A. J . McNair.
Chemical engineering (Chemical Engineering): R. K. Finn, H. F. W iegandt.
Econometrics and economic statistics (Economics): T . C. Liu.
Economic theory (Economics): L. M. Falkson, B. P. Stigum, J. Vanek.
Environm ental systems engineering (Civil Engineering); L. M. Falkson, W. R. 
Lynn.
Fishery biology (Conservation): A. W. Eipper, J . L. Forney, D. A. W ebster.
Geohydrology (Geological Sciences): G. A. Kiersch, S. S. Philbrick.
Flydraulics and hydrology (Civil Engineering): W . H . B rutsaert, W. H . Graf, 
J. A. Liggett.
Hydrogeology and engineering geology (Geological Sciences): G. A. Kiersch,
S. S. Philbrick.
Limnology (Entomology and Limnology): C. O. Berg, D. J . H all, J. M. 
Kingsbury.
Meteorology (Agronomy): B. E. D ethier.
N atu ral resources conservation (Conservation): L. S. H am ilton.
Oceanography (Ecology and Evolutionary Biology): J. P. Barlow.
O perations research (Operations Research): R. W. Conway, W. L. Maxwell,
B. W. Saunders, H. M. Taylor.
Public adm inistration  (Business and Public A dm inistration): E. S. Flash.
Public finance (Economics): R . W. Kilpatrick.
Regional p lanning  (City and Regional Planning): J. C. Fisher, B. G. Jones, 
K. C. Parsons, J . W. Reps.
Resource economics (A gricultural Economics): D. J. Allee.
Sanitary engineering (Civil Engineering): V. C. Behn, L. B. Dworsky, C. D. 
Gates, A. W. Lawrence, D. P. Loucks.
Soil and w ater engineering (A gricultural Engineering): R . D. Black, G. Levine.
Soils (Agronomy): M. G. Cline, H. A. Kerr, R. D. M iller, H . F. M ulligan, 
P. J. Zwerman.
ADVANCED PROFESSIONAL DEGREES
A dvanced professional degrees are designed as p rep a ra tio n  an d  tra in in g  
fo r a special profession.* T h e  adm issions, requ irem en ts , an d  cu rricu la  
for such degrees, as appro ved  by the G rad u a te  Faculty, are an n ou nced  
by the  facu lty  of a professional school o r college, w hich, fo r this p u r ­
pose, acts as a D ivision of the G rad ua te  Faculty. D egrees are aw arded 
u p o n  reco m m endation  of the D ivision to the  G rad u a te  Faculty. D etailed  
in fo rm atio n  rega rd ing  adm ission o r academ ic requ irem en ts  fo r any 
p rofessional degree is inc luded  in  the  A n n ou ncem en t of the separa te 
school o r  college in  w hich the degree is offered, fn q u irie s  addressed to 
the  G rad u a te  School will be fo rw arded  to  the  p ro p e r  official. T h e  p ro ­
fessional degrees listed  below  are ap p ro ved  by the  G rad u a te  Faculty.
A R C H ITECTU RE, FINE ARTS, REGIONAL  
PL A N N IN G
T h e  fo llow ing th ree  degrees are ad m in istered  by the D iv ision of A rch i­
tec tu re  an d  F ine Arts of the G rad ua te  School. In q u iries  should  be ad ­
dressed to  the  listed  professor.
F or m ore d e ta iled  in fo rm atio n  on these degrees, as w ell as those in 
a rch itec tu ra l structures, a rch itec tu ra l history, an d  a rt, see also two 
A n n o u n cem en ts  o f the G raduate School: H u m a n itie s  an d  Social Sciences.
M A S T E R  O F A R C H IT E C T U R E  (M .Arch.). T ra in in g  in  u rb a n  design. 
O n ly  g rad u ates of a five-year professional p rogram  in  a rch itec tu re  or 
g radu a tes  of a p rogram  in  city p la n n in g  o r landscape a rch itec tu re  are 
ad m itted  as candidates. (Professor C olin  Rowe.)
M A S T E R  O F F IN E  A R T S  (M .F.A.). A dvanced tra in in g  in  the  practice 
of p a in tin g , scu lp tu re , o r g rap h ic  arts. (Professor Jam es O . M ahoney.)
M A S T E R  O F R E G IO N A L  P L A N N IN G  (M .R .P .). T ra in in g  for a p ro ­
fessional career in  the field of city p la n n in g  o r reg ion al p lan n in g . 
(Professor K erm it C. Parsons.)
T w o  professional degrees are adm in istered  by the F ield  of E duca tion  of 
the  G rad u a te  School. T h e  program s lead ing  to  each of the degrees in-
* T he  following are advanced degrees which are also first degrees of a school or col­
lege and therefore are not subject to the jurisdiction of the G raduate Faculty. For in ­
formation regarding them, address the school or college indicated.
Bachelor of Laws ...............................................Law School
M aster of Engineering (Aerospace)  G raduate School of Aerospace Engineering
EDUCATION
Master of Business Adm inistration 
Master of Public Administration Adm inistration 
Medical College, New York City 
Veterinary College
G raduate School of Business and Public
Doctor of Medicine .................
Doctor of Veterinary Medicine
ADVANCED PROFESSIONAL DEGREES 177
elude courses, sem inars, projects, an d  investigations w hich will develop 
the s tu d en t’s ab ility  to perfo rm  acceptably the professional duties 
req u ired  of the  several types of ed ucatio n al specialization.
M A ST E R  O F A R T S  IN  T E A C H IN G  (M.A. in  T .). T h is  p rogram  is 
designed for an d  lim ited  to those p rep a rin g  fo r teaching in  elem entary  
an d  secondary schools. T h e  s tu d en t an d  his Special C om m ittee w ill select 
those courses an d  sem inars in  his teach ing  specialty an d  in  E duca tion  
w hich are deem ed m ost ap p ro p ria te  for develop ing  com petence as a 
teacher. T h e  s tu den t will be req u ired  to dem onstra te  his o r h e r teaching 
skill in  a supervised field experience. C om ple tion  of a tw elve-m onth 
program , o r two an d  two-fifths residence un its  is requ ired .
D O C T O R  O F E D U C A T IO N  (Ed.D.). T h e  p rogram  for this degree is 
designed to  p rep a re  the cand ida te  w ith in  a b ro ad  cu ltu ra l co n tex t for 
positions of professional leadersh ip  in  education . T h e  p rogram  of 
studies m ust inc lude advanced w ork in  each of the follow ing: ed u ­
cational psychology, h istory  o r philosophy  of education , ed ucatio n al 
m easu rem en t an d  statistics, an d  research in  education . A t least fifteen 
hours of cred it m ust be ea rn ed  in courses o th e r th an  those in  profes­
sional education . A m in im um  of sixty-five cred it hours beyond the  B ach­
e lo r’s degree is requ ired , of w hich thirty-five hou rs should  be com pleted  
beyond the  M aster’s degree o r its equ ivalen t. A can d id a te  is req u ired  
to com plete a m in im um  of five residence un its  beyond the B ache lo r’s 
degree an d  a year of d irec ted  field experience.
Professional Teaching
M A ST E R  O F SC IEN CE F O R  T E A C H E R S  (M .S.T.). T h is  is a co­
o rd in a ted  p rogram  of tra in in g  in  the biological an d  physical sciences 
for prospective an d  prac tic ing  teachers. Each degree can d ida te  m ust 
satisfy a b road  core p rogram  in m athem atics an d  science an d  com plete 
advanced w ork in  his selected F ield  of study. T h is  degree is ad m in istered  
by the D ivision of Professional T each in g  of the  G rad u a te  School. D e­
tailed  in fo rm atio n  m ay be o b ta in ed  from  the  G rad u a te  School Office, 
Sage G rad u a te  C enter.
ENGINEERING
T h e  degree of M aster of E ng ineering  is adm in istered  by the E ng ineering  
D ivision of the G rad ua te  School. Specially o rien ted  g radu a te  program s 
of study are in  the  areas of ag ricu ltu ra l, chem ical, civil, electrical, indus­
trial, m aterials, m echanical, and  nuc lear en g ineering , an d  in  eng ineering  
physics. T h e  follow ing titles designate the Professional M asters' degrees 
offered in  en gineering : M aster of E n g ineering  (A gricu ltural), M aster of 
E n g ineering  (Chem ical), M aster of E ng ineering  (Civil), M aster of E ngi­
neering  (Electrical), M aster of E ng ineering  (E ng ineering  Physics), M as­
te r of E ng ineering  (Industria l), M aster of E n g ineering  (M aterials), 
M aster of E ng ineering  (M echanical), M aster of E ng ineering  (N uclear).
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T h e  G rad u a te  School of A erospace E ng ineering  adm inisters the M aster 
of E ng ineering  (Aerospace) degree program .
T h e  genera l req u irem en ts  fo r the  degrees listed  above are:
1. A m in im um  of th irty  cred it hours of advanced  technica l course 
w ork in  the  specific field o r in  re la ted  subjects.
2. A  m in im um  of th ree  c red it hours (included  in  the above) of eng i­
n eerin g  design experience involving in d iv id u a l effort an d  form al rep o rt.
3. A m in im um  grade p o in t average of 2.5 an d  a m in im um  final g rade 
of C m inus for a ll courses co un tin g  tow ard  the degree.
T h e re  are  no  residence requ irem en ts , a lth o u g h  a ll course w ork m ust, 
in  general, be com pleted  u n d e r  C ornell U n iversity  staff in structio n . T h e  
degree req u irem en ts  m ust norm ally  be com pleted  w ith in  a p e rio d  of 
fo u r ca lend ar years.
G rad uates of C ornell U n iversity  who ho ld  B achelor of E ng ineering  
degrees m ay be g ran ted  u p  to  fifteen hours cred it for advanced courses 
tak en  d u rin g  th e ir  fifth u n d erg rad u a te  year, p rov id ed  they en te r  the 
M aster of E ng ineerin g  p rogram  n o t la te r  th an  th e  fall te rm  follow ing 
the  six th  ann iversary  of th e ir  receiving the  B achelor of E ng ineering  
degree.
T h e  A n n o u n cem en t o f the College o f E ng ineering  should  be con­
su lted  for fu rth e r  details on  the professional M asters’ program s in  the 
various fields.
IN DU STR IAL AND LABOR RELATIONS
M A S T E R  O F IN D U S T R IA L  A N D  L A B O R  R E L A T IO N S  (M .I.L .R .). 
T h e  p rogram  lead ing  to this degree provides a basic course of g rad u a te  
study for those w ith  professional in terests in  in d u str ia l an d  lab o r re la ­
tions an d  fu rth e r  provides lim ited  o p p o rtu n itie s  fo r specialized p ro ­
fessional study w here b ro ad  com petence has been  established. T h is  de­
gree is ad m in istered  by the  D ivision of In d u s tr ia l an d  L ab o r R ela tio ns 
of the  G rad ua te  School. M ore in fo rm atio n  m ay be o b ta in ed  by w rit­
ing  to the  School of In d u s tria l an d  L abo r R ela tio ns, Ives H all.
LAW
T h e  fo llow ing two degrees are ad m in is te red  by the  D ivision of Law 
of the  G rad ua te  School. T h e  A n n o u n cem en t o f the L aw  School should  
be consu lted  fo r a com plete descrip tio n  o f the p rogram  an d  re q u ire ­
m ents.
M A S T E R  O F LAW S (LL.M .). T h is  degree is in te n d ed  p rim arily  for the 
s tu d en t w ho desires to increase his know ledge of th e  law  by w ork ing  in  
a  specialized field.
D O C T O R  O F T H E  SC IEN CE O F LA W  (J.S.D.). T h is  degree is in ­
ten d ed  p rim arily  for the s tu d en t w ho desires to becom e a profic ien t 
scholar by o rig ina l investigation  in to  the functions, ad m in is tra tio n , his­
tory, an d  progress of law.
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MUSIC
D O C T O R  O F M U SIC A L A R T S  (A.M us.D.). T h is  degree is a p p ro p ri­
ate  for m a tu re  com posers w ho seek fu r th e r  professional tra in in g  as well 
as know ledge of the  o th e r arts an d  hum anities, bo th  to en rich  th e ir  cre­
ative perspectives an d  to  p rep a re  them  for the  teach ing  of com posi­
tio n  an d  theory a t the university  level. I t  is ad m in istered  by the  D ep art­
m en t of M usic, ac ting  as a D ivision of the G rad u a te  School fo r this 
purpose.
N U T R IT IO N A L  AND  FOOD SCIENCE
T h e  fo llow ing two degrees are ad m in istered  by the  D ivision of N u tritio n  
of the  G rad u a te  School. M ore in fo rm atio n  m ay be o b ta in ed  by w riting  
to  the  G rad ua te  School of N u tritio n , Savage H all.
M A S T E R  O F N U T R IT IO N A L  SC IEN CE (M .N.S.). T h is  p rogram  em ­
phasizes fu n d am en ta l study in  the basic sciences th a t can lead  to special­
ization in  such areas as n u tr itio n a l biochem istry, pub lic  health , n u tr i­
tion , h u m an  an d  clin ical n u tr itio n , an d  in te rn a tio n a l n u tr itio n . In  
ad d itio n , fo r candidates in te rested  in the biological sciences, the  p ro ­
gram  serves as a va luab le p re lim in ary  for m ore advanced g radu a te  
study.
M A S T E R  O F FO O D  SC IEN C E (M.F.S.). T h e  fu n d am en ta l sciences, 
chem istry, biochem istry, an d  bacteriology, th a t are invo lved in  food 
processing an d  u tilization , are  em phasized. Electives are available to 
m eet in d iv idu a l needs in  engineering , econom ics, m arketing , business 
ad m in is tra tion , an d  in te rn a tio n a l program s. T h e  specialized tra in in g  
serves as a p rep a ra tio n  for technical w ork as re la ted  to the food industry  
o r fo r m ore ad vanced g rad u a te  study.
VETERINARY MEDICINE
D O C T O R  O F SC IEN CE IN  V E T E R IN A R Y  M E D IC IN E  (D.Sc. in  
V.M.). T h is  degree is characterized  by a professional ra th e r  th a n  a g en ­
eral research objective, an d  it  is designed especially for ex perienced  p e r­
sons in  the  basic an d  clin ical sciences w ho need m ore specific, advanced, 
scientific, an d  professional know ledge in  o rd er to  eq u ip  them selves for 
careers in  teaching an d  research. T h is  degree is adm in istered  by the 
D ivision of V eterinary  M edicine of the  G rad u a te  School.
T h e  U n iversity  ex p ec ts  th a t a ll g ra d u a te  s tu d e n ts  a t C o rn e ll U n i­
versity  sha ll, a t a ll tim es, act w ith  a m a tu re  a n d  m ora lly  respo n sib le  
a ttitu d e , reco g n izin g  th e  basic ru les o f society  a n d  th e  co m m o n  rig h ts  
o f others.
Index of Fields of Instructions and 
Major and Minor Subjects
A dm inistration, Construction Engi­
neering and, 79 
Aerial Photographic Studies, 79, 85 
Aerodynamics, 48 
Aerospace Engineering, 48 
A gricultural Engineering 51, 52 
A gricultural Structures, 51, 52 
Algebra, 130
Analysis, 130; Num erical, 97: Systems, 
and  Design, 151, 152 
Analytical Chemistry, 73 
Applied M athematics, 56 
A pplied Mechanics, T heoretical and, 
170
Applied Physics, 58 
Applied Probability  and Statistics, 151 
Areal Geology, 117 
Astronomy, 65
Astronom y and Space Sciences, 65 
Astrophysics, 65 
Biochemical Engineering, 68 
Biom athem atics (G raduate School of 
Medical Sciences), 147 
Bio-organic Chemistry, 73 
Biophysical Chemistry, 73 
Biophysics (G raduate School of M edi­
cal Sciences), 147 
Biostatistics (G raduate School of 
M edical Sciences), 147 
Chemical Engineering, 67; General, 68 
Chemical Processes and  Process Con­
trol, 68
Chemistry, 73; Analytical, 73; Bio- 
organic, 73; Biophysical, 73, In o r­
ganic, 73; Organic, 73; Physical, 73: 
Theoretical, 73 
Civil Engineering, 79, 80 
C om putation, Theory  of, 97 
C om puter Science, 97 
Construction Engineering and A dm in­
istration, 79 
Control, Process, and Chemical Proc­
esses, 68
Deposits, M ineral, M ining Geology, 
117, 122
Design: M achine, 138, 139; Systems 
Analysis and, 151, 152
Electric Power and Processing, 51, 52 
Electrical Engineering, 103 
Electrical Systems, 103, 104 
Electrophysics, 103, 104 
Engineering: Aerospace, 48; A gricul­
tural, 51, 52: Biochemical, 68;
Chemical, 67: Chemical, General, 
68; Civil, 79, 80; Construction, and 
A dm inistration, 79; Electrical, 103; 
Environm ental Systems, 79, 81;
Foundation , Soil Mechanics and, 79, 
84; Geodetic and  Photogram m etric, 
79, 86; Geology, 117; Industria l, 151, 
152; M aterials, 68; M aterials and 
M etallurgical, 125; M aterials Sci­
ence and, 125; M echanical, 138; 
M etallurgical, M aterials and, 125; 
N uclear, 147; N uclear Process, 68; 
N uclear Science and, 147; Sanitary, 
79, 95; Soil and  W ater, 51, 53; Soil 
Mechanics and Foundation , 79, 84; 
Structural, 79, 89; T ransporta tion , 
79; W ater, Soil and, 51, 53; W ater 
Resources, 79, 95 
Environm ental Systems Engineering, 
79, 81
E xperim ental Physics, 161 
F luid  Mechanics, 170 
Foundation  Engineering, Soil M e­
chanics and, 79, 84 
Geobiology, Paleontology, and S tratig­
raphy, 117, 124 
Geochemistry, M ineralogy-Petrology, 
117, 121
Geodetic and Photogram m etric Engi­
neering, 79, 86 
Geography, Physical, 117, 120 
Geohydrology and  Hydrogeology, 117 
Geological Sciences, 117 
Geology: Areal, 117: Engineering, 117; 
M ining, M ineral Deposits, 117, 122: 
Structural, and Geomechanics, 117 
Geomechanics, S tructural Geology 
and, 117 
Geometry, 130 
Geomorphology, 117
IN D E X -F IE L D S  AND SUBJECTS 181
G raduate School of Medical Sciences, 
147
Hydraulics and Hydrology, 79, 92 
Hydrogeology, Geohydrology and, 117 
Hydrology, Flydraulics and, 79, 92 
Industrial Engineering, 151, 152 
Inform ation Processing (in Com puter 
Science), 97; (in O perations R e­
search), 151, 152 
Inorganic Chemistry, 73 
M achine Design, 138, 139 
M achinery, Power and, 51, 53 
M agnetohydronamics, 65 
M aterials: Engineering, 68; Mechanics 
of, 170; and M etallurgical Engi­
neering, 125; Processing, T38; Sci­
ence, 125; Science and Engineering, 
125
M athem atics, 130; Applied, 56 
M echanical Engineering, 138 
Mechanics: F luid, 170; of M aterials, 
170; Soil, and Foundation Engineer­
ing, 79, 84; Solid, 170; Structural, 
79; T heoretical and Applied, 170 
Medical Sciences, G raduate School of, 
147
M etallurgical Engineering, M aterials 
and, 125
M ineral Deposits, M ining Geology, 
117, 122
Mineralogy-Petrology, Geochemistry, 
117, 121
M ining Geology, M ineral Deposits, 
117, 122 
N uclear Engineering, 147 
N uclear Process Engineering, 68 
N uclear Science, 147; and Engineer­
ing, 147 
N um erical Analysis, 97 
O perations Research, 151, 152 
Organic Chemistry, 73 
Paleontology, Geobiology, and S tratig­
raphy, 117, 124 
Petrology-M ineralogy, Geochemistry, 
117, 121
Photogram m etric Engineering, Geo­
detic and, 79, 86 
Photographic Studies, Aerial, 79, 85 
Physical Chemistry, 73 
Physical Geography, 117, 120 
Physics: Applied, 58; Experim ental, 
161; T heoretical, 160, 161 
Power: and M achinery, 51, 53; Elec­
tric, and Processing, 51, 52; T h e r ­
mal, 138
Probability, Applied, and Statistics, 
151
Process Control, Chemical Processes 
and, 68
Process Engineering, N uclear, 68 
Processes: Chemical, Process Control 
and, 68; T herm al, 138 
Processing: Electric Power and, 51, 
52; Inform ation (in Com puter Sci­
ence), 97; (in O perations Research), 
151, 152; M aterials, 138 
Radiophysics, 65 
Research, Operations, 151, 152 
Resources Engineering, W ater, 79, 95 
Resources, W ater, 119, 174 
Sanitary Engineering, 79, 95 
Science: Com puter, 97; M aterials, 125; 
M aterials, and Engineering, 125; 
N uclear, 147; N uclear, and Engi­
neering, 147 
Sciences: Astronomy and Space, 65; 
Geological, 117; G raduate School of 
Medical, 147; Space (General), 65 
Soil Mechanics and Foundation  E n­
gineering, 79, 84 
Soil and W ater Engineering, 51, 53 
Solid Mechanics, 170 
Space Sciences: Astronomy and, 65;
(General), 65 
Statistics, 167; A pplied Probability 
and, 151
Stratigraphy, Geobiology, and Paleon­
tology, 117, 124 
Structural Engineering, 79, 89 
Structural Geology and  Geomechanics, 
117
Structural Mechanics, 79 
Structures, A gricultural, 51 
Studies, Aerial Photographic, 79, 85 
Systems: Analysis and Design, 151, 
152; Electrical, 103, 104; Engineer­
ing, Environm ental, 79, 81 
T heoretical and Applied Mechanics, 
170
T heoretical Chemistry, 73 
T heoretical Physics, 160, 161 
Theory  of C om putation, 97 
T herm al Power, 138 
T herm al Processes, 138 
T ransporta tion  Engineering, 79 
W ater Engineering, Soil and, 51, 53 
W ater Resources, 119, 174; Engineer­
ing, 79, 95
General Index
Activities for graduate students, 19 
Admission to Candidacy Exam ination, 
see Exam inations 
Admission: applications for, 6-7; cate­
gories of, 6-7; requirem ents for, 6-7 
(see also entries for individual 
Fields of study)
Advanced degrees offered, see Degree 
programs
A erial Photographic Studies Center, 
39
Aerospace Studies (Air Force RO TC), 
42-43 
African Studies, 29
A gricultural Experim ent Station (Ge­
neva, New York), 44 
Air Force R O TC, 42-43 
American Studies, 38 
A pplication: Fee, 6; for admission, see 
Admission; for fellowship, see Fel­
lowships
Archives, Cornell University, see U ni­
versity Libraries 
Arecibo Ionospheric Observatory, 41, 
161
Assistantships: research, 14; residence 
credit, as affected by, 12; residence 
hall, 17-18; teaching, see T eaching 
fellowships 
Atmospheric Research, N ational Cen­
ter for, 46 
Brookhaven, N ational Laboratory, 38- 
39, 160
Calendars: 1967-68, inside front cover;
1968-69, inside back cover 
Candidate for Degree Only (Fee), 25 
Categories of Admission, see Admis­
sion
Center for Advancement of Educa­
tion, 39
C enter for Aerial Photographic Stud­
ies, 39
Center for A pplied M athematics, 49 
Center for H ousing and E nvironm en­
tal Studies, 40 
Center for In ternational Studies, 28- 
29
Center for M aterials Science, see M a­
terials Science Center
Center for Radiophysics and Space 
Research, 40-41, 49, 66, 160-161 
Center for W ater Resources, 43, 119 
Change of status, 8 
China Program , 29-30 
Clinic, see H ealth  services 
Conduct, 179
Cornell A eronautical Laboratory, 44, 
48
Cornell-H arvard Archaeological Ex­
ploration , 46 
Cornell-Sydney University Astronomy 
Center, 41, 66 
Counseling service, 19-20 
Degree programs, 7, 176-179 
Degree requirem ents, 8-13, see also 
entries for individual Fields of 
study
D epartm ent of H ousing and D ining 
Services, 22 
Division of Biological Sciences, 41—42 
Doctor of Medicine, 176 
Doctor of Philosophy, 7 
D orm itory accommodations, 22 
D uplication of degrees, 7 
Educational Placem ent Service, see 
Placem ent Service 
Educational T esting  Service, 7 
Employment: effect on fellowships, 
15; effect on residence credit, 12- 
13; opportun ities for part-tim e, 18; 
opportunities for wives of graduate 
students, 18-19; see also Research 
assistantships, and  T eaching fellow­
ships
E ngineering degrees, professional, 177 
English proficiency, 7 
Exam inations: Admission to C andi­
dacy, 9, 10; F inal (M aster’s degree), 
9; F inal (Thesis) (Ph.D. degree), 10; 
foreign language, see Language; 
qualifying, 10; see also entries for 
individual Fields of study 
E xtram ural study, 12-13, see also Em ­
ploym ent 
Family accommodations, 22 
Fees: A pplication, 6; C andidate for 
Degree Only, 25; extension for pay­
m ent of, 24; G eneral, 25; for health
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services, 21, 25; In  absentia, 26; re ­
fund of, 26; registration deposit, 
24; reinstatem ent, 24; Summ er Ses­
sion, 26; Summer Research, 26; 
Thesis, 25-26; see also T u ition  
Fellowships, 14-17; application for, 
13, 16; notification date, 16; teach­
ing, 14; see also entries for ind iv id­
ual Fields of study 
Field Representatives, 48 
Fields of Instruction, 48-175, see also 
Index of Fields and M ajor and 
M inor Subjects, 180 
Final Exam ination, see Exam inations 
Financial support, 13-19 
Foreign language, see Language 
Foreign students, see International 
students 
G annett Medical Clinic, 21 
General Fee, 25 
General inform ation, 19-23 
G raduate Center, 22 
G raduate Record Exam ination, 6, 7; 
see also entries for individual Fields 
of study
G raduate School of Medical Sciences, 
46-47, 176 
G raduate work taken elsewhere, see 
Residence credit 
H ealth: history, 21; requirem ents, 20- 
21; services, 21 
H igher Proficiency Foreign Language 
Exam ination, see Language 
Host Family Program , 20 
H ospital, 21
H ousing and Environm ental Studies 
Center, 40 
Housing and d in ing services, 22 
Im m unization, 20-21 
In  absentia study, 26 
Index of Fields and M ajor and M inor 
Subjects, 180 
Insurance: medical, 21; m otor ve­
hicle, 23
International A gricultural Develop­
m ent Program, 30-31 
International Legal Studies, 31-32 
International students, 20 
International S tudent Office, 20 
International Studies Center, 28 
International studies programs, 28-38 
Language: exam inations in, 10: in ­
struction in, 10; substitu tion  of, 10 
Latin American Program, 32-33
Lehm an Fellowships, 16 
Libraries, see University Libraries 
Living arrangem ents, 22 
Loans, 18
M arried student housing, 22 
Part-tim e studies, 12-13, see also Em ­
ploym ent 
Photo Science Studios, 45 
Placement Service, 23; Educational, 
23
Professional degrees, 176-179 
Pro-rating of tu ition, see Employm ent 
Professors-at-Large, 3 
Provisional candidates, 8 
Q ualifying exam ination, see Exam ­
inations
Radiophysics and Space Research 
Center, see Center for Radiophysics 
and Space Research 
Refunds of tu ition  and fees, see T u i­
tion or Fees 
Regents Fellowships, 16 
Registration as C andidate for Degree 
Only, 25 
Registration deposit fee, 24 
R egistration of m otor vehicles, see 
M otor vehicles 
Representatives, Field, 48 
Research assistantships, see Assistant­
ships
Reserve Officers’ T ra in in g  Corps, 42- 
43
Residence credit, eligibility as affected 
by em ployment, 12; transfer of, 11- 
12
Residence hall accommodations, 22 
Residence hall assistantships, see As­
sistantships 
Resources for research and advanced 
study, 26-47 
Sage G raduate Center, 22 
Sage H ospital, 21
Scholar Incentive Program (New York 
State). 16
Scholarships, 14, see also entries for 
individual Fields of study 
South Asia Program, 33-35 
Southeast Asia Program , 35-37 
Soviet Studies, 37-38 
Special Committee, 8-9; C hairm an of, 
9
Special facilities and service organi­
zations, 44-47 
Special resources for research and ad ­
vanced study, 26-44
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Statutory Divisions, 24 
Statistics Center, 43 
Student union, see W illard Straight 
H all
Summ er Research, 12; fellowships for, 
17
Summer Session, 12 
Teachers, Master of Science for, 177 
T eaching fellowships, 14 
Test of English as a Foreign L an­
guage, 7 
Thesis, 11; fee, 25-26 
T ransfer of residence credit, 11-12 
T u itio n , 24-25; p rorating  of, see E m ­
ploym ent; refund  of, 26; Summer 
Session, 26; Summer Research, 26; 
see also Fees 
University Archives, see University 
Libraries
University Libraries, 26-28; Archives, 
27; special collections, 27-28 
University Press, 45^46 
University Professors-at-Large, 3 
Vaccination, 20-21 
W ater Resources Center, 43, 119 
W illard S traight H all, 22 
X ray, 21
